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PREFACE

This is the final technical report of work conducted under AFWAL Contract
F33615-85-C-2545 by the Boeing Military Airplane Company, Seattle, Washington
during the period from July 1985 through January 1987. Program sponsorship and
guidance were provided by the Fire Protection Branch of the Aero Propulsion
Laboratory (AFWAL/POSH), Air Force Wright Aeronautical Laboratories, Air Force
Systems Command, Wright-Patterson Air Force Base, Ohio, under Project 3048,
Task 07, and Work Unit O5. R. G. Clodfelter was the Government Project
Engineer. Funds for the contract were provided by the Joint Technical Group on
Aircraft Survivability (JTCG/AS).

The final report is contained in two volumes. Volume I contains mission

aralysis and preliminary design information, together with discussion of the

-~

computer code used for mission analyses and trade-off studies in selecting the

best-choice OBIGGS. Volume 1II contains the specifications and prototype

{:' Y

development plan for the best choice OBIGGS as well as life cycle cost

comparisons of the best choice OBIGGS with other fire protection techniques.

Documentation of the computer programs used to support this contract werc

SRR AARY

provided to the Air force under Boeing Document Number D180-29903-1, "Fighter
Aircraft Fuel Tank Inerting Mission Analysis and OBIGGS Design User’s Manual,"
and Boeing Document Number D180-29903-2, "lLife C,cle Cost Analysis for Fighter

Fuel Tank Explosion Protection System User’s Manual."
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1.0 INTRODUCTION

Fuel tank fire protection is incorporated into most military fighter ailvcraft
because of potentiai fire hazards due to both combat damage and natural causes.
Techniques cutrently in use include explosion suppressant toam, liquid nitrogen
(LN2) inerting and Halon fire suppression. The explosion suppressant foam
system is a passive system that utilizes a flexible void filler material to
prevent explosive overpressures by localizing any in-tank fires. Liquid
nitrogen inerting provides fuel tank protection by filling the vapor space above
the fuel (ullage) with a nitrogen rich gas that will not support combustion.
Fvam filler materials have proven effectiveness but are velatively heavy and
complicate aircraft fuel tank maintenance procedures. Liqui nitrogen inerting
provides an effective, relatively lightweight fire protection system but has a
major logistics disadvantage because the storage bottles must be frequently
resupplied and only a few air bases have cryogenic nitrogen handling
capabilidies. Halon is a very etfective fire suppressant but also presents
logistics problems and is not vell suited to full time protection because of the
relati -1y high cost of the Halon suppressant. The On-Board Inert Gas
Generation System (OBIGGS) is similar to the liquid nitrogen inerting system
except that the OBIGGS produces the required inert gas during aircraft operation
as opposed to filling storage bottles prior to tlight. 7The OBIGGS, exploiting
the fact that air in its natural state is mostly nitrogen (79% by volume),

further enriches the nitrogen concentration by partially removing the oxygen in

the air using an air separation module. The result is a nitrogen rich gas
suitable for fuel tank fire protection. ..

N

‘
OBIGGS performance and aircraft applications have been the subject of a number o4
ot studies and OBIGGS implementation on helicopter type aircraft has begun. The :

) s
objective of the present series of studies was to investigate the application of ~
an OBIGGS to fightev aircraft with emphasis on the Advanced Tactical Fighter ;
(ATF) aivplane. )

. & '
The first two tasks, which are described in detail in Volume I of this reporut
vere to conduct in-depth missicon analyses to identify the appropriate OBIGGS ;.
design mission and then complete a preliminary design to identify the "best :}
choice" OBIGGS for the design mission. The preliminary design involved many k>
trade-off studies to minimize the overall aircraft penalty. For example, a

b

)
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relatively small air separation module could perform very efficiently if the
supply air was carefully conditioned. Hovever, engine bleed air, weight and
volume penalties of the ECS equipment required could be prohibitive. The basic
task wvas given the inert gas requirements from the mission analysis task,
optimize the OBIGGS for the mission as well as other operational requirements.
The trade-off studies included:

o limited relaxaticn of the full-time inerting requirement

o stored gas versus demand system

o extent of conditioning of supply air versus air separation module
performance

o comparison of OBIGGS with other protection systems

o complexity of control system versus OBIGGS sizing

o OBIGGS weight, volume, reliability, maintainability, and airplane and
engine penalties

o ground standby and turn around requirements.

The best <choice OBIGGS for Advanced Technology Fighter (ATF) airplane
application was defined as the stored gas OBIGGS in which inert gas is generated
at a nearly constant rate, compressed to a high pressure and stored in bottles
for use as required. Both permeable membrane and molecular sieve air separation
modules were evaluated. An advanced technology permeable wmembrane air

separation module was the best choice for ATF application.

Once the best choice OBIGGS was selected, life cycle costs were computed, system
and component specifications were established and a prototype development plan
wvas written for this best choice OBIGGS. Volume I contains mission analysis and
preliminary design information together with a discussion of the comuuter code
used for trade-off studies in selecting the best choice OBIGGS. Volume II
contains the specifications and prototype development plan for the best choice
OBIGGS as well as life cycle cost comparisons of the best choice OBIGGS with

other fire protection techniques.
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2.0 LIFE CYCLE COST STUDY

Life cycle costs include all the cost associated with a vehicle or subsystem
over its useful lifetime. In this study life cycle costs of the stored gas and

demand OBIGGS were compared with those of Halon, liquid nitrogen and explosion

suppressant foam systems. Some generalized comments about these systems are

appropriate prior to discussing the detailed results. The OBIGGS have distinct

’ logistics advantages for fighter aircraft application but are slightly heavier

than the Halon and liquid nitrogen systems; weight penalties are especially

significant on fighter aircraft. The lower weight of the Halon and liquid

nitrogen systems is offset by material and labor costs since these systems must

be resupplied after each mission. Providing Halon and liquid nitrogen at every

base, especially forward operating locations requicres transportation of

materials and establishing storage or manufacturing plants. These facilities

could be disabled by combat damage or equipment malfunction. Furthermore,

additional recurring >f labor costs are involved due to servicing requirements.

The explosion suppressant foam has the distinct advantage of being a passive

system. However, the foam system is significantly heavier than the others

because the weight penalty includes both the weight of the foam and the retained

fuel that clings to the foam as the tank is depleted. The explosion suppressant

foam vas assumed to be an, as yet, undeveloped high temperature foam cempatible

with the ATF. This foam was assumed to have the same weight and other

characteristics as current foam.

The technical breakthrough in air separation module (ASM) technology for OBIGGS

applications discussed in Volume 1 provide large weight savings over current

ASMs. Therefore, the OBIGGS in these life cycle cost studies were based on the -

advanced technology ASMs.

The results of life cycle cost studies provide important guidance with respect

to identifying the important cost factors of various systems and identify areas 3

of development needed to reduce costs. However, a ground rule for this study L

was that the best choice OBIGGS would be the system upon which specifications

and the prototype development plan would be based regardless of the results of

the life cycle cost studies.

..............

_____
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2.1 Life Cycle Cost (LCC) Analysis

The life cycle cost (LCC) analysis included relative research, development, test
and evaluation (RDT&E) production and 20 year operating and support (0&S) costs.
The analysis provided a tool for determining the cost effectiveness and
comparison of various systems. Each subsystem design vas sufficient to estimate
complexity, reliability, maintainability, weight and volume of line replaceable
units (LRUs) for inputs to the cost models.

The RCA Program Review of Information for Costing and Evaluation (PRICE H) for
hardvare and the Air Force Logistics Command Logistics Support Cost Model
Version 1.1 (AFLC/LSC) dated January 1979 were the cost models used. The cost
models provided relative LCC estimates based upon comparative analysis of
logistics parameters, system performance, physical description, operational
ccncepts and force size. The LCC model considered trade-offs between
development and production costs versus the impact of improved maintainability,

reliability and survivability on 0&S costs (Figure 1).

The PRICE H model computes comparative unit development and production costs and
reliability and maintainability factors for each LRU in a system using =a
parametric approach. This program has been used in the B-1 avionics program,
advanced strategic avionics, atmospheric electric hazard program and the all
electric airplane program. Specific inputs to the PRICE H model for each LRU

include:

0 Geperal
o Production quantity
o Prototype quantity
o Veight
o Volume
o Next higher assembly integration factors
o Electronic
o Structural
0 Operating environment specification level
0 Year of economics
o Mechanical/Structural
0 Structure weight

o tanufacturing complexity
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0 Degree of new design for the structure
o Amount of structural repetition
0 Mechanical reliability
o Electronics
Electronic packaging density
Manufacturing complexity
Degree of new electronic design
Amount of electronic repetition
Electronic reliability

Q O © o ©

o Development

Start date

First prototype date

Last prototype date
Engineering complexity factor

Level of tooling and test equipment

© 0 0 ¢ o ©

Prototype support factor

o Production
o Start date
o Date of first completed article
o End date

0 Price improvement factor

The inputs to the PRICE K model for the five fire protection systems discussed
above are listed in Appendix A. The LSC model is a deterministic model using
exact formulas to predict operation and support costs (0&S) and support
investment costs. The LSC was modified for the current study, the modifications
ranged from providing sufficient rcom for addition of research and development

costs to incorporation of the frequency of Retest OK (RTOK).

The following statement, which is quoted from the AI'LC LSC Model Version 1.1
Users Handbook was the basis for developing the OBIGGS LCC Model.

"The LSC Model is a method to estimate the expected support cost that may
be incurred by adopting a particular design. The model is used to compare
and discriminate among design alternatives where relative cost difference
is the desired figure of merit. The significance of the results,
therefore, is not based on the absolute value of support costs but on the

magnitude of the cost difference between twe alternatives. In this regard,
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the LSC Model is not, strictly speaking, a life cycle cost model, although
it is cne of the many specialized models used to support the techniques
knowvn as life cycle costing."

The inputs and outputs for the LSC model, including definition of the variables
used is presented in Appendix B and Appendix C, respectively.

2.2 Elements of Life Cycle Cost Analysis

\

e

' 2.2.1 Ground Rules and Assumptions ‘
The LCC comparisons are based upon the following assumptions: ’

(All Costs in 1985 Dollars)

Prototype Hardvare 10 units
Prototype Spares S units
Qualification Testing S units
Production Quantity 750, 1500
Operational Quantity 600, 1200

Flying Hours

300 per year

Operating Period 20 years
Airplanes per Squadron 24
Number of Bases 25
FOAM §21/cu. ft.
LN, $.11/1b. o
HALON $3.03/1b. o
Fuel Cost $.94/gal ;
Labor cost $27.67/hr .
;
. The op=rational quantity of 600 aircraft vas assumed to be deployed in the /

United States. However, where significant cost differences between United v

States and overseas deployment existed, a ratio of 60X United States to 40%

foreign deployment was assumed. For example, total costs of servicing 5 
liquid nitrogen units and Halon systems was assumed to be somewhat higher 2
-
at foreign forward operating locations. -3
»
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2.2.2 Support Equipment and Investment

Support investment costs included initial spares, ground support equipment,

technical data, training, and training equipment.

Supnort eguipment costs were added to the Halon and Liquid Nitrogen systems
as a Flight Line Servicing Equipment input. The Liquid Nitrogen system
required Flight Line servicing in much the same manner as the Fire
Suppression System on the C-5A. The Flight Line LN, Servicing Tank Truck
(GSU), NSN 2320-0N-099-9346 at a cost of $106,628.00 with an assumed basis

2f issue of one (1) per six (6) aircraft was assumed.

The Halon system also required flight line servicing. Representative
inputs with the same basis of issue as LN; support equipment were made from
items listed in the Table of Allowance (TA 316) for the F-16. The selected
items included the Compressed Gas Trailer, NSN 3655-00-541-1385, cost
$5603.00 and the Halon 1301 Charging Assembly, NSN 4940-01-1C9-8237, cost
$5684.57.

Support investment costs were estimated using the LSC model. These costs
include support equipment and initial spares that were estimated based upon
the support inputs and logistic concepts consistent with a 1990+ time

frame.

2.2.3 Research Development Test and Engineering (RDT&E) Costs

The RDT&E cost elements included those efforts required to develop
previously undeveloped or partially developed component/systems. The study
presupposed that the new technology items identified as requiring further
development will have received the required development funding prior to
the technology availability date (1989) of this system. Therefore, these
costs wvere not included in RDT&E. Items involved were: (1) the research
into what was required, what existed, how it functioned and how it
interacted with the system; (2) the design engineering required to select
and configure components; and (3) test and evaluation to insure that
component performance met the required specifications. Production
nonrecurring tooling and test equipment costs were included. The RDT&E
costs were evaluated by the PRICE H model and used as inputs to the LSC

model.
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2.2.4 Production Costs

Production costs were the sum of all costs, recurring and nonrecurring,
based on the total anticipated production. Included in the production
costs were the system hardvare production costs, program management,
software and wvarcanty. Hardware production costs wvere estimated by the
PRICE-H model. 1Initial LRU spares, peculiar support equipment, personnel
training, and technical data costs were included in initial support costs.
Unit production costs, produced by PRICE-H, were provided as input to the
LSC model for each hardvare element.

2.2.5 Operating and Support Costs (0&S)

Operating and support costs include those efforts required to operate and
maintain the candidate systems throighout their operational 1life.
Maintenance supbort costs include the effort required to repair, rework,

and replace failed parts. The 0&S costs vere evaluated by the LSC model.

2.2.6 Reliability and Maintainability

The Reliability and Maintainability LSC nodel inputs were obtained from AFM 66-1
data in the Maintenance and Operational Data Access System (MODAS) for the C-5

<

ag
and F-16A4 aircraft. k .
o
SYSTEM VucC DATES TOTAL FLIGHT Cf
HOURS ,
n
. C-5 Nitrogen Inerting  49BXX D2c 1983 Thru ?
. Nov 1985 119381.2 :,
F-16A Pressure Explosion 46CXX Dec 1983 Thru .
Suppression Nov 1985 339655.2
W
: These systems vere selected because of the similarity of the components to those s
proposed for the alternative to OBIGGS. Foam inputs were extracted from similar .5.
Lt
F-15 experience data and vendor contact. ASM inputs were determined by :‘ :
engineering analysis and vendor contact. o -
¥
The reliability and maintainability factors for these systems are presented in ;‘
Tables 1 through 6. Figure 2 contains a description of the headings used on %‘
these tables. ,‘
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Table 1 shows the R&M inputs for those components that are comm¢cn to all five of
the inerting systems. Note that other inputs, such as weight, unit production
cost, R&D cost, for these components from unique values for each of the five

systems.

Table 2 contains R&M inputs for “he demand OBIGGS system. Values for components
8 through 26, were developed using AFM 66-1 (MODAS) data. For components
numbered 27 and on, no comparable component was available and the R&M values

vere determined using output from the PRICE-H model.
Table 3 shows the R&M inputs for the stored gas OBIGGS. Data available from

comparable components is used in items numbered 8 through 25 while PRICE-H R&M

output parameters are usad for items 26 and on.
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Tables 4 through 6 show the LSC model R&M inputs for Halon, Liquid Nitrogen, and
Foam respectively. Servicing required for replacing the Halon and liquid
nitrogen has been &:counted for by treating these items as propulsion peculiar
inputs and creating a separate system to account for each liquid. This alloved
for use of the engine fuel consumption aspect of the wmodel to account for Halon

and liquid nitrogen consumption on cach flight.

Each fire protection system places a different demand on the BCS system; unique
inputs from LRU representing the required ECS support vere included for each

protection system.
Halon and LN, MTBM vere calculated vithout the post flight servicing interval
for these cases to eliminate the unrealistic effect of that interval on system

MTBM. These system MTBM's are shown below:

STORED GAS ON-DEMAND  HALON LNy FOAM
149.76 195.62 198.08 163.15 286.31
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2.2.7 Fuel Penalties

Fuel penalties for power and bleed air extraction and for the additional weight
vere considered for a constant range mission. Only bleed flow penalties beyond
that for normel fuel tank pressurization was considered. In order to fly a
consistant range mission the generic ATF with an inerting system onboard must
carry more fuel and grov in size (large tanks, larger engines, etc.). For the
generic ATF the sensitivity factor for the increase in aircraft weight per pound
of added equipment was about six. Since about half the weight increase is for
additional fuel, three pounds of additional fuel was required per pound of added
system weight in this study. The total fuel penalties are shown in Tabtle 7.
The bleed, ram and power extractions for the demand OBIGGS were less than the
stored gas OBIGGS because the system was shut-off when repressurization gas was

not required, where the stored gas ran continuously.

Table 7 Fuel Penalties for Generic ATF Constant Range
(pounds of fuel)

Compressor ECS System Total
Inerting System Bleed Ram __Pover Powver VWeight lbs.
Stored Gas OBIGGS 8.8 15.5 5.8 3.5 774 808
Demand OBIGGS 10.9 11.3 0 .75 1095 1118
LN» 0 c 233 699
Foam 0 0 0 2202 2202
Halon 0 0 504 504

Because of the sensitivity factor, heavier systems suifer from a fuel
penalty point of view. The fuel penalty for the foam system includes the
veight of retained fuel.
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2.3 Results of the LCC Analysis

The life cycle cost comparisons are shown in Tables 8 and 9 and Figure 3. Fuel

penalties due to equipment weight were by far the largest cost factor based upon

and average mission of 1.78 hours. The foam system had the largest fuel penalty
due to its rélatively high weight. Therefore, even though the foam system had

the lowest life cycle cost without the fuel penalty, adding the fuel penalty

caused the (otal life cycle cost of the foam system to be the highest. The

Halon system had the lowest weight penalty lLut the cost of Halon caused this

system to have relatively high life cycle costs. The costs of the OBIGGS and
liquid nitrogen system were similar but the OBIGGS had the lowest overall costs.
The key factors here wvere the cost of supplying liquid 1. -rogen to overseas

bases and forward operating based and the manhours required to service the

liquid nitrogen system after each tlight.

Table 8 Life Cycle Cost Summary (750 Production)
Million of 1985 Dollars

{ OBIGGS
| Cost Categories Stored On-Demand Halon LN, Foam
! Gas
Development $15.0 $14.9 §$11.6 $12.4 S 9.6 1
Procurement :
Production 160.8 150.7 120.5 122.3 106.5 |
Support Investment 13.6 12.7 12.2 22.1 10.4 i
Subtotal 174.4 163.4 132.7 144.4 116.9
Operating and support
(20-years) 107.4 55.8 528.2 213.9 53.8 f
Fuel Penalty 236 327 147 204.5 644
Total LCC 532.8 561.1 819.4 575.3 824.3
Lo
!
!
|
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Table 9 Life Cycle Cost Summary (1,500 Production)
Millions of 1985 Dollars

OBIGGS
Cost Categories Stored On-Demand Halon LNy
Gas
Development $ 15.0 $ 14.9 $11.6 § 12.4
Procurement
Production 295.9 277.2 221.6 224.9
Support Investment 22.0 20.4 7.3 39.3
Subtotal 317.9 297.6 241.2 264.3

1 RN kS s e

- AN e

Operating and support

(20-years) . 110.6 1055.6  406.6 106.9

Fuel Penalty 654 294 409.0 1288
Total LCC 1077.1 1602.4 1061.9 1616.6
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3.0 OBIGGS SPECIFICATIONS .
"
The system specification for the best choice stored gas OBIGGS is presented 5,
¢
hereir in accordance with MIL-STD-490 and DI-CMAN-80008. The system is based on -
the requirements for a generic advanced tactical fighter and, as such, some TBDs b
4
(To Be Determined) were required in the specification process. ﬁqﬁ
.D
::‘; )
Basically, the OBIGGS creates NEA by partizlly separating oxygen and nitrogen by n
supplying an air separation module with properly conditioned engine bleed air. Q”
§Y
In a stored gas OBIGGS, NEA is compressed and metered to the fuel tank as ﬁ,
v
required using control valves and pressure regulators. 3
NEA is required throughout the aircraft mission to scrub dissolved oxygen from S?
the fuel during taxi and climb out, to provide makeup gas for fuel depletion
during cruise to repressurize fuel tanks during descent. In all these processes g
the key to fire protection is to ensure that the oxygen concentration in the -
ullage does not exceed 9% by volume. :\
:
3.1 Applicable Documents g'
All documents and standards contained herein are listed in numeric order. {“
-
3.1.1 Government Documents :
The following documents of the issue shown form a part of this specification to
the extent specified herein. iy -
K
3.1.1.1 Federal Specifications and Standards P
l. o
(4
PPP-P-636H (1) 08 Apr 77 Box Shipping o
Fiberboard ‘ﬁg:
|||
!
‘ PPP-C-1752A (1) 18 Jun 75 Cushioning Material, "
Packaging lUnicellular Q'
N
Polyethlene Foam, .
Flexible :
~1
23 N
3
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PPP-B-6101F (2) 06 Sep 77 Boxed Vocd Cleated 5o
Plywood é‘ ‘
Y
FED-STD-102B 29 Jan 63 Preservation, &
Packaging and Packing
Levels $
X
3.1.1.2 Military Specifications )
MIL-S-4040D (1) 02 Feb 71 Solenoid, Electrical, &
General Specification 5'_
for v
'
MIL-S-5002C (1) 28 Aug 78 Surfaces Treatments
and Inorgaitic 3
Coatings for Metal "
Surfaces of Weapons :
y
MIL-£-5007D (2) 08 Oct 82 Engine, Aircraft, N
Turbojet, and A
Turbofan, General :5_
Specification for !
:”
MIL-B-5087B (2) 31 Aug 70 Bonding, Electrical .
i and Lighting 5
Protection for i
Aerospace Systems -3
o
MIL-C-5501F (1) 01 Oct 75 Caps and Plugs,
Protective Dust and E
Moisture Seal, o
General Specification t'
for : i‘
"-
MIL-P-5518C (1) 03 Dec 68 Pneumatic Systems, :.
Aircraft, Design, o
Installation, and -
Data Requirements for E‘

24




MIL-C-5541C

MIL-C-6021H (1)

MIL-E-6051D (1)

MIL-H-6088F (1)

MIL-V-6858D

MIL-W-6873B

MIL-H-6875G

MIL-P-69068 (1)

MIL-P-7105B (1)

DTN R DN N L DA A A 2

14 Apr 81

08 Jul 83

05 Jul €8

30 Dec 82

28 Mar 78

06 Sep 78

16 Sep 83

09 Nov 73

08 Aug 66

ALY
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Chemical Film fov
Aluminum and Aluminum

Alloys

Castings,
Classification and

Inspection of

Electromagnetic
Compatibility

Requirements, Systems

Heat Treatment of

Aluminum Alloys

Velding, Resistance,

Spot and Seam

Velding, Flash,
Carbon and Alloy
Sieel

Heat Treatment of
Steels (Aerospace
Practice, Process

for)

Plates,
Identification,

Aircraft

Pipe Threads, Taper,
Aeronautical National
Form, Symbol NPT,

General Requirements
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MIL-F-7179F (1)

MIL-P-7788E (1)

MIL-B-7883B

MIL-C-7905 (42)

MIL-A-8421F

MIL-I-8500D

MIL-P-8564D

MIL-E-8593A

"™l

25

16

20

03

25

25

18

15

Sep

Apr

Feb

Aug

Oct

Mar

Nov

Oct

84

69

68

84

74

80

70

75

26

Finishes, Coatings,
and Sealants for the
Protection of
Aerospace Veapons

Systems

Panel, Information,
Integrally
Illuminated

Brazing of Steels,
Copper, Copper
Alloys, Nickel
Alloys, Aluminum and

Aluminum Alloys

Cylinders, Compressed
Gas, Non-Shatterable
Air Transportability
Kequirements, General

Specifications for

Interchangeability
and Replaceability of
Component Parts for

Aerospace Vehicles

Pneumatic System
Components,
Aeronautical, General

Specification for

Engines, Aircraft,
Turboshaft and
Turboprop, General

Specification fer

-
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MIL-V-8604A 15 Mar 59 Velding, Fusion,
Aluminum Alloys,

Process and

LAAT LR

Performance of

[
1 48

MIL-W-8611A 26 Jul 57 Velding, Metal Arc
and Gas, Steels and J _'
Corrosion and Heat ‘
Resistant Alloys,

Process for

MIL-A-8625C 13 Mar 69 Anodic Coatings, for
Aluminum and Aluminum Y
¥,
Alloys "\'
MIL-A-8806B 21 Sep 70 Acoustical Noise o
Levels in Aircraft, L
General Specification -
'~l
for
[N
-
MIL-S-8879A (1) 15 Mar 72 Screw Threads,

'y

Controlled Radius

Root with Increased

Minor Diameter S,
s
~
MIL-Q-9858a (1) 07 Aug 81 Quality Program Y
Requirements &
b
LN
MIL-P-15024D (1) 10 Aug 82 Plates, Tags and \E
Bands for 5
Identification of fl
Equipment N
L] ’
Ky
MIL-F-18264D (1) 23 Apr 71 Finishes: Organic, o
I
Weapons System, S
Application and :‘
Control of N -
A
A
27 3
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{
-
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MIL-V¥-22759D (1B) 27 May 80 Vire, Electric,
Fluoropolymer
' Insulated, Copper or
Copper Alloy

MIL-A-25363D (2) 08 Feb 83 Accumulator,
Pneumatic, Aircratft,

Glass Fiber

; MIL-W-27076 (1) 19 Jan 76 Vorkmanship Standards
' for Ground Equipment and

Associated Equipment

MIL-E-38453A 02 Dec 71 Environmental
Control,
Environmental
Protection, and
Engine Bleed Air
Systems, Aircraft,

- Geneial Specificartion

for
MIL-1-45208A (1) 24 Jan 81 Inspection System
Requirements
MIL-H-46855B (2) 23 Mar 81 Human Engineering

Requirements for
Military Systems,
Equipment and

Facilitjes

MIL-C-81044B 23 Mar 81 Crosslinked Alkane-
Imide Polymer or
Polyarylene lnsulated O
Copper, or Copper
Alloy

28
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MIl.-B-81365 04 Apr 66 Bleed Air Systems,
General Specification
for

MIL-W-81381A (1B) 04 Jan 82 Wire, Electric,

Polyimide-Insulated,
Copper or Copper
. Alloy

MIL-C-81706 (5) 13 Nov 79 Chemical Conversion
Materials for Coating
Aluminum and Aluminum
Alloys

MIL-A-83116A 31 Mar 71 Air Conditioning
Subsystems, Air-Cycle
Aircraft and

Aircraft-Launched

LALL - VI EHLET > BEAAIAPL | e T2 (LT (55

Missiles, General

Specification for

MIL-C-83286B (2) 19 Aug 80 Coatings, Urethane,
Aliphatic,

Isocyanate, for

DA 205 AR A

Aerospace
Applications ﬂ
f
y
MIL-C-83723D 27 Dec 77 Connector Electrical, i
Circular, ‘.
(Environment -
Resisting) §
Receptacles and r
* Plugs, General "
Specitication for N
t:
C
&
}\
¢,
zl
29 o
R
z
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3.1.1.3 Military Standards

MIL-STD-129H (4) 30 Sep 82 Marking for Shipment

and Storage

MIL-STD-130F (1) 02 Jul 84 Identification
Marking of U.S.
Military Property

\

1 MIL-STD-143B 12 Nov 69 Standards and

|

‘ Specifications, Order

of Precedence for the

Selection of

MIL-STD-202F (5) 28 Mar 84 Test Methods for

Electronic and

Electrical Component

Parts

MIL-STD-210B 15 Dec 73 Climatic Extremes for
Military Equipment

MIL-STD-454H (3) 30 Aug 83 Standard General
Requirements for

Electronic Equipment

MIL-STD-461B 01 Apr 80 Electromagnetic
Emission and
Susceptibility
Requirements for the
Control of
Electromagnetic

Interference !

MIL-STD-462 (4) 01 Apr 80 Electromagnetic ;
Inteiference {
Characteristics,

Measurement of

30 ’
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MIL-STD-470A 03 Jan 83 Maintainability

: Program Requirements

(for Systems and

Equipment)

* MIL-STD-4714 08 Dec 78 Maintainability

Verification/

Demonstration/Evaluation

By MIL-STD-483 (2) 21 Mar 79 Configuration
?‘ Management Practices
)

for Systems,

Equipment, Munitions,

and Computer Programs

MIL-STD-704D 30 Sep 80 Aircraft Electric
Pover Characteristics

MIL-STD-721 12 Jun 81 Definitions of Terms
for Reliability,

s K

Maintainability,

¥ Human Factors, and B
o Safety
i/
4 MIL-STD-785B 15 Sep 80 Reliability Program
- A for Systems and

Equipment Development

and Production

MIL-STD-810C 10 Mar 75 Environmental Test »
Methods and '

Engineering

Guidelines

MIL-STD-838C 30 Dec 83 Lubrication of
Military Equipment

. LR X R A AT AT T AT AT AT AT A,
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MIL-STD-850B

MIL-STD-882B

MIL-STD-889B (1)

MIL-STD-1188A (1)

MIL-STD-1247B

MIL-STD-1388-1A

MIL-STD-1472C (2)

MIL-STD-1523A

MIL-STD-45662 (2}

ARG LTy
l_..!~ W

O

L e
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Aircrew Station
Vision Requirements
for Military Aircraft
System Sal tv Program

Requirements

Dissimilar Metals

Commercial Packaging
of Supplies and
Equipment

Markings, Functions
and Hazard
Designations of Hose,
Pipe, and Tube Lines
for Aircraft,
Missile, and Space

Systems

Logistic Support

Analysis

Military Systems,
Equipment, and

Facilities

Age Control of Age-
Sensitive Elastoumeric
Material (for
Aerospace

Applications)

Calibration System

Requirements

ARSI -

LRPL L)
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MS33540H 30 Oct
MS33588D 30 Nov
MS90376C 19 Apr
3.1.1.4 Other Publications
ADS 138 Oct 80
AFR 161-35 0% Apr
AFR 300-10 15 Dec
AFR DH-1-3 01 Jan
AFR DH-1-6 02 Dec
AR 70-38 05 May
ARP 699C Aug 66
e, , ) L .‘.. NN \'%‘.I .\.\. N .’.: o

82

73

78

82

76

77

78

69

33

LAY

Safety Viring and
Cotter Pinning,

General Practices for

Nuts, Self-Locking,
Aircraft, Design and
Usage; Limitations of

Caps, Dust, Plastic,

Electric Connector

Air Vehicle
Materials, Processes

and Parts

Hazardous Noise

Exposure

Computer Programming

Languages

Human Factors

Engineering

System Safety

Research,
Development, Test and
Evaluation of
Material for Extreme

Climate Conditions

High Temperature
Pneumatic Duct

Systems for Aircraft

TP, ° T R R R R R R e e o
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HHI 82-10

24 Mar 82 Procurement

Specification for the
Production Nitrogen

: Inerting Unit, Fuel

Tank; (Hughes

Helicopter, Inc.)

NAVMAT P-9492 May 79

Navy Manufacturing
Screening
(Temperature Cycling,

Random Vibration)

3.2 Requirements

The stored gas Onboard Inert Gas Generation System (OBIGGS)

is required to
prevent airplane fuel tank fires and explosions due to both natural and combats

threats. The system shall provide full-time fire protection for all ground and

flight conditions.

Specifically, the OBIGGS shall provide fuel tank fire and explosicn protection

for the following conditions:

o Aircraft operation from taxi

to landing including 48-hour ground alert

status;

Arcing in the fuel tanks due to lightning or electrostatic discharges;

Fast turn-around operations;

Air-to-air and air-to-ground missions;

Subsonic, transonic, and sustained supersonic flights;

Ferry missions, and combat missions with multiple climb/dive maneuvers;
Operation in a Nuclear/Biological/Chemical (NBC) environment;
Operation in all weather and environmental conditions.

34
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- The OBIGGS equipment shall be compatible with aircraft operation for world-wide
deployment in the climate extremes described in MIL-STD-210B. This will be

_h accomplished by: 1) maintaining an inert gas vapor space or ullage in the fuel
x tanks and vent lines and 2) providing a gas source for fuel tank pressurization.
- An inert gas vapor space is obtained by maintaining the oxygen concentration
a; below 9% by volume at all times.

The OBIGGS shall provide Nitrogen Enriched Air (NEA) to the fuel tanks: 1) for
R scrubbing dissolved oxygen out of the fuel during taxi and the initial aircraft
£ : climb-out, and during aerial refueling maneuvers, and 2) to maintain the fuel

tank pressurization schedule controlled by the fuel tank vent system’s

¢ climb/dive valves and demand regulators. The OBIGGS shall have the capability
_Q to operate fully automatically, even with the aircraft unattended and no
$ aircraft or ground powver. The OBIGGS shall also be compatible with the design,
N operation, and maintenance of the aircraft’s Environmental Control System (ECS)
X and fuel system.
¥
- The OBIGGS shall extract its supply air from the aircraft ECS and reject its
: wvaste heat (from its various compressors and heat exchangers) to the aircraft
c: Thermal Management System (TMS). Inert product gas from the Air Separation
5 Module (ASM) shall be stored in high pressure storage bottles, at a maximum
_$ pressure of 3000 psig, to minimize storage volume requirements.
»
:, The OBIGGS shall also have the capability to:
¢
» 0 Prevent contaminants (including water and particulate debris larger
k than 0.6 micron) from reaching the ASM;
h
> o Account for transient behavicr of the ASM and other major system
.’ components (i.e., NEA with varying oxygen concentration from the ASM
X continuously mixing with NEA of a different gquality alreadvy in the high
N pressure storage hottle, or NEA oxygen concentration variation which
L - will occur in long distribution ducts or ASM inlet temperatuie
N transients or pressure from the TMS);
N
i o Deliver the specified performance in sustained aircraft compartment
. temperature extremes of 0° F to 180° F;

l
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] Prevent pneumatic surging resulting in non-steady pressure or flow
conditions;

o Maintain the fuel tank ullage oxygen concentration below the 9% oxygen
limit for JP-4, JP-S5, JP-8, and Jet A aviation fuels, assuming that the
alrcraft is fueled with 100% air saturated fuel;

o Provide the required quantity of NEA to the fuel tanks to maintain a
tank pressure of TBD psig.

o Utilize Bullt-In Test (BIT) hardware and software to facilitate system

maintenance by performing system problem diagnostics through quick
fault detection/isolation;

0 Operate uninterrupted and provide the specified performance for 30 sec

in a sustained aircraft acceleration of -1 g and for 60 sec in a

sustained 0 g environment;

o Operate vhile the aircraft is on the ground by using the aircraft

engines, APU, or a standard ground cart to operate the ECS and
electrical system;

i A e ——

o Utilize flight-worthy oxygen sensors, pressure transducers, and

thermocouples to provide data for system control, status, and

maintenance;

o Utilize insulation, thermal blankets or equivalent to ensure system
. 1

performance and operation does not degrade at environmental temperature
extremes (-65° F to +180° F);

0o Operate during a 10 minute pressure ground or aerial rvefueling with a

single-point fueling adpater;

o Operate during a 15 minute hot combat turn-around (refuel and reload

wveapons vith engines on or off):

o] Operate 30 days of operation without additional airlift support (i.e.,

autonomous operation during sustained combat);

36
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o Operate with aircraft climb and descent rates of 20,000 and 100,000

feet per minute respectively.

The OBIGGS shall satisfy all of the above requirements during or after exposure

to any or all of the envirenmental conditions described herein.

3.2.1 System Definition

The OBIGGS inert gas production and storage equipment shall provide a source of
clean, dry NEA to the fuel tanks using the inert gas delivery hardvare, while

minimizing the total ajrcraft performance penalty.

: 3.2.1.1 Missions

The OBIGGS shall be capable of supporting Air Force offensive counterair (0CA),
and escort of fighter bombers as well as Naval leet defense missions.
Provisions shall be made to maintain fuel tank inerting during a 48 hour ground
standby. These provisions include scrubbing the fuel prior to parking the
aircraft and resupplying inert gas as required to account for thermal expansion

and contraction of the fuel.

3.2.1.2 Threats

The OF 55 shall provide fire protection from in-tank aicing due to lightning

strikes and electrostatic discharges and combat threats up to 23 mm HEIL.

3.2.1.3 System Modes and States

3.2.1.3.1 Continuous NEA Production

The Ar nd . pressure compressor shall operate continuously dwming the
entire mission profile. NEA shall be produced at a constant mass tlow rate of
0.65 pound per minute with a maximum oxygen concentration of 5% by volume.

3.2.1.3.1.1 Re >surization Gas

The storage bottles and piping shall be sized to provide a maximum flow rate of

36 vounds per minute.
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3.2.1.3.1.2 Fuel Scrubbing

NEA from the high pressure storage bonttles shall introduced to the bottom of the
fuel tanks, at a rate of 2.1 pounds per minute for 10 minutes during ground
operations and the initial climbout.

3.2.1.3.2 Failure Modes

3.2.1.3.2.1 High Pressure System Failure

In the event that the output from the high pressure storage bottles ceases
during times of required flow, the product gas of the IGG shall flow directly
and continuously into the ullage repressurization system, by-passing the high

presure compressor and high pressure storage bottle(s).

3.2.1.3.2.2 Maintaining Minimum Positive Tank Pressure

In the event that a rupture in the repressurization system prevents maintaining
the minimum positive tank pressures during level flight or descents the scrub
mode shall be initiated and continued at a f{low rate of TBD pounds pei minute
until the NEA supply is exhausted. After the NEA supply in the high pressure
system is exhausted, the operating mode will be identical to a high pressure
system failure.

3.2.1.4 System Functions

The OBIGGS shall accomplish the following functions:

o Control the temperature, pressure, and moisture of the regulated supply

air from the bleed system;

o Separate oxygen from conditioned bleed air to produce and store

nitrogen enriched air;

o Distribute NEA to required locations in regulated volumes.
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3.2.1.4.1 OBIGGS Supply Air Conditioning

The conditioning system shall provide peak supply airflow rates of 4.5 pounds
per minute to the ASM at a nominal and minimum pressure of 60 psig and 45 psig
and at a nominal and maximum temperature of 95° F and 110° F, respectively, at
aircraft altitudes of O to 70,000 feet.

3.2.1.4.2 OBIGGS Air Separation and Storage System

The inert gas production and storage portion of the OBIGGS shall provide clean,

dry NEA to the fuel tanks using the inert gas distribution system while

- A_A_A_~ =g r~n "H N P LR, P ’-‘-vl—mm-'rxzxj
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w minimizing the airplane performance penalty. The inert gas system shall satisfy

the requirements during and after, exposure to any and all of the environmental

conditions described herein.

The design of the inert gas production and storage portion of the OBIGGS shall
be driven by the: 1) performance requirements of the ASM and the OBIGGS‘’s high
pressute (HP) compressor, 2) penalties to the aircraft from the ASM, HP
compressor, and HP bottles (i.e., weight, volume, bleed air, and pover), 3)
overall control approach implemented to control system performance, and 4) NEA

requirements from the inert gas delivery portion of the OBIGGS to the fuel
tanks.

3.2.1.4.3 OBIGGS NEA Distribution

v

The design of the inert gas distribution system portion of the OBIGGS shall be
driven by the: 1) fuel tank inerting and repressurization flow requirements, 2)

performance requirements for the HP bottles, and 3) the fuel tank vent system
design.

T o AT

The OBIGGS shall be used in conjunction with a closed fuel vent system including
climb and dive valves for overpressure and under pressure protection. The ineut

gas distribution system shall not interfere with fuel tank pressurizaiion and

v« 2 @« 2 Mmoo 2w 4

ground/aerial refueling equipment and procedures. The inert gas delivery system
shall be designed fail-sate such that a failure will not damage the aircraft.

The aircraft’s climb and dive valves shall alwvays be operational te this end.

c . w mmea o .

The delivery system shall induce turbulent mixing of uvllage gas to ensure a

uniform NEA concentration gradient throughout the fuel tanks.
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Leakage of inert gas (NEA) from the distribution system during flight and non-
flight conditions shall be kept to a minimum to ensure the OBIGGS can maintain
an inert status in the fuel tanks and reduce aircraft vulnerability during

combat missions, ground attacks, and lightning strikes.

The inert gas delivery system shall consist of the low and high pressure inert
gas distribution systems, demand regulators, fuel scrubbing hardware, and the

fuel tank vent system.

3.2.1.5 System Functional Relationships

The air or NEA throughput is serial through and tetween all the system functions
as shown in Figure 4. The physical interfaces between each system function is

mainly the air ducting and the data link to the aircraft data bus for control.

3.2.1.6 Configuration Allocation

The folloving paragraphs describe and specify the hardware components for the

OBIGGS. Schematic diagrams are presented in Figures 5 and 6.

3.2.1.6.1 Boost Compressor

3.2.1.6.1.1 Duty Cycle and Control

The boost compressor shall maintain an adequate supply air pressure of 60 psig
to the ASM during the low engine pover setting conditions, when the OBIGGS bleed
air manifold duct pressures are low. Thus, the ASM shall not suffer any
performance degradation during idle descent aircraft maneuvers or airplane taxi.
The boost compressor shall not be used during high engine power seiting
conditions when the OBIGGS bleed air manifold duct pressures are high. The
boost compressor shall turn on at 45 psig and shut cff at a maximum inlet
pressure of TBD. Automatic shut-off in the event of a failure or malfunction
shall be provided.

3.2.1.6.1.2 Air Source

The boost compressor shall operate on conditioned engine bleed air with

contaminant limits specified in  MIL-E-5007D(2), MIL-E-85934, paragraph
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Figure 4. OBIGGS Functional Diagram
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3.1.2.11.3, MIL-E-38453A, MIL-B-81365, and in MIL-A-83116A with negligible
performance degradation throughout its design life. This air shall also be
Chemical/Biological (CB) filtered, if flow from the common bleed air manifold
duct is used for both the Onboard Oxygen Generating System (O0BOGS) and the
0BIGGS. The bleed air shall be provided at a pre-regulated pressure of no
greater than 65 psig and a pre-cooled to a temperature of 95° F. The boost
compressor shall not use more than 4.5 1b/min (approximately 59 scfm; 60° F,
1 atm) of bleed air from the QBOGS/OBIGGS bleed air manifold duct. However, as
an objective, the boost compressor will only use 3.5 1lb/min (approximately 46
scfm; 60° F, 1 atm) of flow.

3.2.1.6.1.3 Performance, Ope:iation, and Characteristics

The boost compressor shall have a minimum outlet-to-inlet pressure ratio of 2:1
with a maximum allowable outlet temperature of 300° F. However, as an
objective, this outlet temperature shall only be 270° F. The compressed outlet
air shall be clean, and have a maximum allowable compressor lubrication oil
contamination of TBD ppm.

The compressor shall:

Have a MTBF of 2251 hours;

Have power requirements not to exceed 3.0 kV at either 28 VDC, or 115
VAC (400 Hz), or 270 VDC aircraft electrical pover;

Be packaged and designed to operate with an electric motor;

Not weigh more than TBD pounds (including its electric motor), wvith a

weight of TBD pounds (including its electric motor) as an objective;

3.2.1.6.1.4 Monitoring

The supply air pressure and temperature upstream and downstream of the boost
compressor shall be monitored, as well as either the compressor’s electric motou

temperature or electrical current level. These parameters shall provide data

for both system operation and BIT functions. The boost compressor shall

automatically shut itself off it its outlet air temperature exceeds 3019 F or

its electrical current level drops below TBD amps.
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3.2.1.6.1.5 Indication

WVarning shall be provided to the pilot upon BIT detection of an excessively high
compressor outlet temperature (> 300° F) or a low electrical current level

(< TBD amps), or lov compression outlet pressure (< 45 psig).
3.2.1.6.2 Trim Heat Exchanger

3.2.1.6.2.1 Duty Cycle

The trim heat exchanger shall be designed to maintain a supply air temperature
of 95° F to the ASM during all aircraft flight modes. The maximum temperature

shall not exceed 110° F.
3.2.1.6.2.2 Hot-Side and Cold-Side Fluid Characteristics

The trim heat exchanger shall be designed for air-tc¢-liquid heat transfer for
the given cold-side fluid (i.e., Coolanol-25). The hot-side fluid is air from
the OBOGS/OBIGGS bleed air manifold duct, which either flows thru or bypasses

the ASM supply air boost compressor.

The maximum allowable hot-side inlet air temperature shall be no higher than
300° F while that of the cold-side no higher than 110° F. However, as an

objective, the cold-side inlet fluid temperature shall be 80° F. The maximum

allowable outlet air temperature shall be no higher than 110° F, however the

A

objective is a temperature of 95° ¥.

YA

The nominal hot-side supply air pressure will be 60 to 80 psia. The heat

exchanger shall be designed for a proof and burst pressure of 200% and 4007% of

the nominal hot-side supply air pressure vespectively. The maximum allowable -E
hot-side supply air pressure drop shall be no higher than TBD psid. The number 'E
W
of passes in the air side and in the liquid side shall not be vestricted. The SE
v
cold-side fluid flowrate shall be no higher than TBD lb/min. ;%
S
r
3.2.1.6.2.3 Characteristics >

AR

The trim heat exchanger shall have an MTBF of no less than 100,000 hours, and

wveigh no more than TBD pounds, with a weight of TBD 1lb as an objective. The g
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unit shall have provisions for a self-cleaning drain port to dump condensed

liquid water overboard the aircraft.

RN W AL W T BN TR s

3.2.1.6.3 Vater Extractor

The water extractor shall be of a centrifugal, swirler type, with a minimum
entrained water removal efficiency of 95%. The unit shall weigh no more than

TBD pounds and have a minimum MTBF of 50,000 hours. The unit shall have

provisions for a self-cleaning drain port to dump condensed liquid water

overboard the aircraft.

3.2.1.6.4 Air Filter

The particulate air filter shall remove solid particles, oil droplets, condensed
water, and other liquids from the air supply air at the Air Separation Module
(ASM) inlet. The filter shall capture a minimum of 99% of any particles and

droplets 0.6 microns in size, with an objective of 99.95% of the particles and

o CHE X F ANSS o <"V X 2XP e

droplets captured. The unit shall have a maximum pressure drop of 1.5 psid at
an air flovrate of 4.5 pounds per minute and shall be designed to operate with

supply air pressures and temperatures from 6U to 90 psia and 0° F to 1109 F

«.~-MEVF FS

respectively. The filter shall be designed for a proof and burst pressure of

200% and 400% of the nominal ASM supply air pressure respectively, and shall

veigh no more than 2 1b with 1.2 1b as an objective.

No filter is required if upstream bleed csystem filters meet these requirements

and no oil contamination is produced by the boost compressor.

3.2.1.6.5 Pressure Regulator

The ASM pressure regulator (located upstream of the ASM) shall regulate supply
air pressure to the ASM to 60 +5 psig. The regulator’s design shall withstand
inlet pressures and temperatures from 230 to 135 psia and 60° F to 300° F
respectively. The regulator shall weigh no more than 2 pounds, with an

objective of 1.5 pounds.

A S M LA W Y Y i M T 0 T TaTE X SRR X T K ..
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3.2.1.6.6 Air Separation Module

3.2.1.6.6.1 Air Supply

The ASM shall operate on conditioned engine bleed air, with contaminant limits

specified in MIL-E-5007C, from the supply air conditioning portion of the

OBIGGS. The unit shall operate at an regulated supply air input pressure of 60
psig during all but taxi, idle descent, and very low cruise engine powver
settings. The unit shall operate at a supply air input pressure of 50 psig
during taxi and the low engine power settings. The unit’s supply air input
temperature shall be controlled to 95° F and never exceed 110° F. Supply air
specific humidity levels of 200 grains per pound shall be considered in the
unit’s design. The unit shall not use more than 4.5 pounds per minute of the

conditioned bleed air, with 3.5 pounds per minute as an objective.
3.2.1.6.6.2 Processing

The air separation module (ASM) shall process conditioned engine bleed air to
provide a nitrogen rich gas suitable for fuel tank inerting. The ASM shall
utilize standard aircraft electrical pover, conditioned bleed air, or both to
drive its functional processes. Electrical power shall be either 28 VDC, 115
VAC (400 Hz) or 270 VDC.

3.2.1.6.6.3 Performance, Operation, and Characteristics

The nominal inert product gas flowrate output from the ASM shall be 0.65 pound
per minute with an oxyg :n concentration of not greater than 5% by volume at sea
level ambient pressure, and a supply air pressure and temperature of 60 psig and
950 F respectively. The NEA gas flow from the unit shall be delivered to the HP
compressor except when the HP compressor has failed, in which case the NEA flow
shall be delivered to the emergency by-pass duct. The ASM shall operate

continuously throughout the mission.

The ASM product flow the shall be controlled to produce a continuous, constant
flow rate of 0.65 + 0.05 lb/min (i.e. a modulating control valve or an electro-

pneumatic flow regulator downstream of the ASM).




The ASM shall be insulated to reduce the convective-thermodynamic coupling with
the installation environment, and assist in cold-space and heat-soak start-up
performance. The ASM shall produce useful inert product gas (maximum oxygen
concentration 6%) within 30 minutes after being cold-soaked at -65° F for 3
hours or more, and within 15 minutes after being heat-soaked at 160° F for 3

hours.

The ASM design shall incorporate test ports to facilitate periodic ground checks
of its performance, including: 1) ASM supply air pressure and temperature, and
2) inert product gas flowrate and oxygen concentration. The ASM will operate
full-time, and shall have minimum MTBF of TBD hrs. The ASM shall have a total

weight not to exceed 25 pounds.

The components of the ASM shall be capabtle of withstanding a proof pressure 2 .
equal to 150% of normal operating pressure at maximum operating temperature ' .
without damage or subsequent performance degradation. However, any pressure '
regulators shall be able to withstand 200% of maximum bleed air pressure. The

components of the ASM shall also be capable of withstanding a burst pressure

equal to 300% of normal operating pressure at maximum operating temperature

without bursting. The ASM need not meet performance specification after v

exposure to the burst pressure.
3.2.1.6.7 Modulating Back-Pressure Control Valve
3.2.1.6.7.1 General

The design of the modulating back-pressure control valve portion of the OBIGGS
shall be driven by the performance requirements of the ASM, and by the required
HP compressor inlet conditions. The major objective vuf this hardwvare is to
back-pressure the ASM’s inert product gas (NEA) flow over a wide range of the
ASM’s performance map operating points. The ASM must be back-pressured to
function as a gas separator device. This valve shall regulate the product flow

rate of the ASM to 0.65 +.05 pounds per minute. T

3.2.1.6.7.2 Operation and Characteristics

The modulating valve shall be located as close to the ASM product gas port as is -
possible for maximum ASM performance control. Long lengths of duct between the 3
48
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ASM and the back-pressure control valve shall be avoided. The valve shall
either be: or 1) a modulating valve vith an attached stepper motor controlled
electrically using a microprocessor and important sensed property measurements

or 2) an electro-pneuvmatic flow regulating valve.

3.2.1.6.8 1Inert Gas By-Pass Duct

3,2.1.6.8.1 General

The design of the inert gas by-pass duct portion of the aircraft’s OBIGGS shall
be driven by the desired system capability in the event that the high pressure
system fails. This duct shall provide a continuous flow of NEA to the fuel

tanks from the ASM when there is a problem with the high pressure system.

3.2.1.6.8.2 Operation and Characteristics

The inert gas by-pass duct shall not be used when the high pressure compressor
is operating within its specified performance. This procedure shall be
accomplished by utilizing an appropriately controlled on/off valve followed by a
check valve in the by-pass duct. The on/off valve shall be commanded to open:
1) upon detection of a HP compressor failure and 2) no output flow from the high
pressure storage bottles when repressurized gas is required, both via the
aircraft avionics Built-In Test (BIT) functions. The by-pass duct shall be
sized for the desired ASM product gas flowrate of 0.65 pounds per minute. This
valve shall remain open until the high pressure system is sensed to be operating

normally.

3.2.1.6.9 High Pressure Compressor

3.2.1.6.9.1 General b -

The design of the high pressure (HP) compressor portion of the aircraft’s OBIGGS

shall be driven by the performance requirements of the ASM, the ASM’s modulating :.
back-pressure control valve, the inert gas by-pass duct, and the HP inert gas "
Storage bottles. The major objective of the HP compressor is to provide a ;
source of clean, dry, temperature controlled NEA to the high pressure inert gas

sterage bottles., v
>

3
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3.2.1.6.9.2 Duty Cycle and Control

4
The HP compressor shall operate continuously upon aircraft electrical power-up .”,
to provide a source of pressurized NEA for the HP storage bottles, whose nominal A
: pressure shall be maintained at 3000 psig. Automatic shut-off in the event of a
failure or malfunction shall be provided. Surge control shall also be provided. .ﬁ
3.2.1.€.9.3 1Inlet Air Source LS

The HP compressor shall operate on inert output gas from the ASM, wvhich shall

" Yre

flow from the ASM to the compressor through the ASM modulating back-pressure Q .
control valve. This inlet air to the HP compressor shall be provided at a A
i -
minimum pressure and temperature of 30 psia and TBD © F respectively, and a by
L'
maximum pressure and temperature of TBD psia and '10° F respectively. The HP ;.
compressor shall be designed to handle inlet flowrates of 0.5 to 0.8 pounds per o
minute. However, as an objective, the HP compressor shall be designed to handle 3
a nominal inlet flowrate of 0.65 pounds per minute. :j
g -
. . .
The HP compressor and motor assembly shall be designed to handle inlet air >
o
pressure fluctuations without unduely back-pressuring the ASM gas modulating ~
) back-pressure control valve so as to affect ASM performance. The HP compressor f'
shall not cause pneumatic surging to occur in the inlet air duct to the OBIGGS. i
: ¢
Y
3.2.1.6.9.4 Performance, Operation, and Characteristics
The HP compressor shall have a design outlet pressure of 3000 psig with a Dy
o~ y '
maximum allowable temperature of 250° F. However, as an objective, this outlet N
temperature shall be limited to 200° F. Normal compartment ambient pressures N
¥y
and temperatures (excluding hot and cold soak) will range between 0.8 psia to
t
14.7 psia, and 0° F to 180° F interstage cooling will use liquid (coolanol -25) "
' .
as an objective. Air cooling may be used if it meets the compression outlet Q
temperature requirements over the rvange if specified ambient conditions. The ;ﬁ'
&
compressed outlet air shall be clean, and have a maximum allowable compressor 3
lubrication o0il contamination of TBD ppm. A flow check valve shall be provided -
at the compressor’s outlet. Q—
5
¢
.. 3
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Thie HP compressor shall:

o Have an MTBF of no less than 2,000 hours with an objective of 2,500

hours;

o Have power requirements not to exceed approximately 15 kW of either 28
VDC, 115 VAC (400 Hz) or 270 VDC aircraft electrical power;

o Be packaged and designed to operate with an electric motor and a

variable speed controller;

o Not veigh more than 70 pounds (including its motor), with a weight of

60 pounds (including its motor) as an objective;

o Be designed to minimize heat rejection to the installation location.

3.2.1.6.9.5 Monitoring

The process gas (NEA) pressure and temperature upstr.am and downstream of the
boost compressor shall be monitored, as will be either the compressor’s electric
motor temperature or electrical current level. The compressor’s lubricating oil
level and temperature shall also be monitored alnng with excessive compressor
vibration. These variables shall previde data for both system operation,

failed/operational monitoring using compressor RPM or outlet pressure and BITE.

3.2.1.6.9.6 1Indication

Automatic compressor shutdown capability and pilot warning shall be provided
upon BIT detection of an excessively high compressor lubricating oil
temperature, outlet air temperature (>250° F), outlet air pressure (>3500 psig),
excessive vibration, a low electrical current level (<TBD amps), or a low

lubricating oil level pressure.
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3.2.1.6.10 High Pressure Storage Bottles

3.2.1.6.10.1 General

s v _a_m

The design of the high pressure (HP) storage bottles shall be driven by the
performance requirements of the high pressure compressor, inert gas delivery
system and by installation issues concerning airframe, equipment, and personnel

safety. The major objective of the HP storage bcttles is to accumulate an

CANNIA I A

adequate quantity of clean, dry NEA (from the HP compressor) for on-demand

release into the inert gas distribution system. This ensures that fuel tank

‘v
PP At

inerting gas flov requirements are met.

> >

S

3.2.1.6.10.2 Performance, Operation, and Characteristics o
[

The HP storage bottles shall be designed for a nominal stored gas (NEA) pressure o
of 3000 psig and a temperature of 3902 F and hold a minimum of 50 pounds of NEA. ;
The bottles shall be designed for a maximum compartment temperature of 180° F. -
The HP bottles shall functionally serve as pneumatic accumulatcrs and will be C
K3

ae

charged and discharged more than once during an aircraft mission. Stored gas
may be entering the bottles from the high pressure compressor while
simultaneously exiting the bottles into the inert gas distribucion system.
Installation concerns shall dictate whether a cylindrical or spherical bottle
design is used. In the event composite bottles are used, leakage rates, and

stored gas temperature values shall dictate which liner material is used inside

CONRT FE S LLANR

the bottles (e.g., an elastomer, aluminum, or stainless steel). Maximum
compartment temperature values shall be used to determine the type of composite

fiber resin system.

Pressure relief provisions shal! be incorporated into tiie HP hottle installation
to relieve excess stored gas pressure. (This configuration is required because
the HP compressor is designed to operate continuously). A minimum proof and
burst pressure of 200% and 40C% vrespectively, shall be used in the bottle
design. The high pressure storage system shall include provisions for

condensate drain.

The HP bottles shall be installed and secured such that they will not break

RERCRE PO AT UEARNR AR B0 - T DB T Jie i N S BUER SEAEN

loose from their cradles if punctured and cause damage to nearby equipment.
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Blow-out panels shall be incorporated in the equipment bay where the HP bottles
are installed to prevent airframe damage from compartment over-pressure in the
event the bottles are punctured. A rigid blanket or suspended shield made of a
composite material (i.e., Kevlar)} shall be utilized to protect the HP bottles
from ballistic/veapon fragments as well as to protect nearby equipment from
damage caused by a bottle puncture. The bottles shall be designed to fail by
leakage rather than rupture when hit by a single tumbling .50 caliber

projectile. The bottles shall be nonshatterable.

If several bottles are used, their weight shall not exceed 40 pounds each, with

a weight of 25 1b each as an objective. The HP bLottles shall be designed to
minimize stored gas leakage through their liners. Provisions for stored gas
quantity and quality by maintenance personnel shall be iicorporated into the
bottle design. The bottles shall be designed for 10,000 opevational

(internal) pressure and temperature cycles.
3,2.1.6.11 Inert Gas Distribution System
3.2.1.6.11.1 High Pressure Gas System

Pressure reduction of the NEA downstream of HP storage bottles shall be 2 stage,

high pressure regulator and demand regulators in the vent system. A high

pressure regulator shall be used to reduce NEA from the nominal 3000 psi bottle
pressure to TBD + TBD for delivery to the demand regulators. A flow limiting
device such as a venturi shall be used with the regulator to protect downstream
components in the event of regulator failure. An objective shall be to optimize
the NEA delivery pressure in each duct to minimize duct size and weight while

meeting pneumatic duct safety requirements.
| 3.2.1.6.11.2 Low Pressure Air System

There shall be a controlled shut-off valve to isolate the low pressure and high
pressure ducting. Demand regulators shall be used downstream ot the on/off
valves in low pressure duct to control the quantity and flow of NEA from the HP
bottles to the fuel tanks. These regulators located in the vent system shall

regulate the flow of NEA into the vent system to maintain minimum scheduled tank
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pressure. The inlet and outlet pressure ranges ot these demand regulators ate

TBD. The demand regulators shall maintain the fuel tank pressure at a 1 psig or

a1

6.5 psia, vhichever is greater, except during ground or refueling operations.
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3.2.1.6.11.3 Fuel Tank Vent System

The aircraft fuel tank vent system shall consider the applicable interface
issues with the OBIGGS. The vent system will be designed to minimize the loss
of NEA overboard the aircraft through the climb valves during ground and aerial
refueling. In addition, the OBIGGS shall be designed to prevent NEA flow to the
fuel tank during aerial refueling. A high pressure build-up in the tanks in the

even: of a control valve failure shall be avoided.

The OBIGGS/vent system design shall consider fuel tank feed sequence. The
OBIGGS/vent system design shall consider over-wing single point refueling using
a universal refueling slipvay installation. Check valves with a minimum
pressure setting of 5 inches of water shall be used in the OBIGGS distribution
ducts (i.e., scrub, wash, and repressurization ducts) which connect to the vent
box. Each of these valves shall incorporate two float valves, one for normal
flight and one for inverted flight, to prevent fuel from entering the vent '

system.
3.2.1.6.11.4 Fuel Scrubbing System

A minimum of 21 pounds of NEA shall be stoied in the High Pressure bottles from
. the previous mission. During the taxi and through the initial climbout (if
necessary) NEA shall be bubbled through the scrudb nozzles located on tire bottom
of the tanks at a rate of 2.1 pounds per minute for 10 minutes. The scrub
nozzles shall be designed so that removal of dissolved oxygen from the fuel
shall be less than 50% of the maximum or equilibrijum amount which can be removed
from the fuel. This will minimize ullage uninert time during fuel scrubbing.
The scrub orifice and scrub nozzles shall limit the scrub flow rate to 2.1
1b/min. The inlet pressure and outlet prec-ures of the scrub orifice (TED)
shall be considered in conjunction with tie design of the scrub nozzles.
Orifices in line to each tank shall limit the actual scrub into each tank

according to a ratio of the tank volume and the total tank volume.

o T

S4

. IR RS DA N N R R N R T N R T L B R R N B R N R R N T R R R



. .. st at s ata gt 2'a A e 4% €'at'a 1ea AV e R P T R T R Ry R O R T W WL NI W, B P W PRy )

3.2.1.6.12 Control/Interface Processor
3.2.1.6.12.1 General

The design of the control/interface processor portion of the OBIGGS shail be
driven by: 1) the overall aircraft avionics architecture, including data and ‘S

power buses, 2) ihe number of sensed and controlled OBIGGS parameters, 3) the
number of built In Test (BIT) functions and desired level of hardvare
diagnostics to be performed, and 4) the provisions to off-load hardware status
data to the aircraft maintenance computer. The major objectives of the
control/interface processor will be to: 1) provide the necessary control of
OBIGGS hardware (i.e., on/off valves, modulating valves, and compressors) for
optimum system operation, 2) monitor hardware status for required maintenance Y-
action and failures, 3) communicate with other airciaft avionic processors to

receive and send pertinent OBIGGS data, for either in-flight status or on-ground

maintenance and 4) enable the OBIGGS to operate as a fully automatic, self- u
compensating system which does not require any manual adjustment by the pilot. }3
3.2.1.6.12.2 Analog-to-Digital and Digital-to-Analog Converters -3

Analog- to-Digital converters shall be used to receive OBIGGS hardvare status Q
-
data into the Control/Interface Processor, while Digital-to-Analog converters :
shall be used te send control signals from the processor the to OBIGGS hardware. N
L)
3.2.1.6.12.3 Operation and Characteristics .
o .
The Control/Interface Processor shall be continuously fed with data from both -

. . - . . - - - ‘.
aircraft and dedicated 0OBIGGS sensors monitoring all relevant conditions (i.e., .
OBIGGS Unit supply air pressure and temperature, aircraft altitude, and OBIGGS R
unit inert product gas flowrate and oxygen concentration/partial pressure). The -

, )
processor shall compare these inputs with its pre-set program of optimum -
parameter values to obtain the required inert product gas conditions. Deviation ok '
from preset toleiances shall set appropriate messages to on board fault ~

™~

detection and monitoring hardware. 1i{ an active electronic controller is used, q

it will initiate the appropriate system control action to achieve the desired .
results. Thus, as an objective a closed-loop, active feedback contiol approach ;'.
will be used (versus open-loop control). S
RN
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The OBIGGS shall be designed to function as an integrated system, which shall be
monitored and controlled by the Control/Interface Processor (shown conceptually
in Figure 7). The software algorithms shall be designed to take full advantage
of inherent system performance capabilities, while minimizing penalties to the

aircraft.

A typical schematic of the electvical interface of the processor with the rest
of the OBIGGS is shown in Figure B. Control parameters {both analcg and digital ,
shall be conditioned by the appropriate circuitry before being used by the

processor to determine required control variable setting.

Drive circuitry shall be provided <ot any OBIGGS solenoid valves and other
system controls and indicators. Built-Tn Test (BIT) functions (i.e., fault
detection/isolation) shall be incorporated in the processor to detect system

hardware failures and provide hardware maintenance tracking features.

1.2.1.6.13 Sensors

3.2.1.6.13.1 General

The design of various sensors for the aircraft’s OBIGGS shall be driven by the
performance requirements ot the OBIGGS, as well as the overall OBIGGS control
scheme. The major objectives of these sensors will be t¢ monitor hardware

status and provide feedback data for hardware control.

3.2.1.6.13.2 0Oxygen Concentration

An oxyge, concentration sensor shall be used to sense inert product gas oxygen
concentration in the gas (NEA) flow leaving the ASM, and venting through the
fuel tank ullage volumes. These sensors shall continuously monitor the oxygen
partial pressure of the inert gas {low flov, and possess BIT tunction >

capabilities to derect sensor or system failure.

The sensors shall be designed for 1apid response with minimum sensor lag time

3
o
;
;
7

and warm-up time. The response time shall be 920 response to a step function

change 1n sample gas oxygen partial pressure within 15 seconds at a gas
temperature of 75° F, or 45 seconds at 320 F. The sensors shall also b

designed for high reliability and infrequent, yet simple maintenance actions.
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Figure 8 OBIGGS Microprocessor Electrical Interface
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As a minimum, these sensors shall be threshold devices generating a signal
within 15 seconds of oxygen partial pressure climbing above 12% 0Z2. The sensors
shall be capable of measuring sample gas oxygen concentration in the range of 1%
to 25% 02 (volume X%). The sensors shall have an accuracy (i.e., % error full
scale) of 3% (or less if possible) and reproducibility (i.e., measurement drift)

cof 5% of full scale for a minimum time of 2000 hours.

The specified pertcrmance of the oxygen sensors shall not be affected by: 1)
specified aircraft vibration and acceleration levels, 2) water vapor (relative
humidity to 100%) and aviation fuel vapors in the sample gas, 3) operating
pressures from 30 psig to 90 psig, 4) ambient pressures of 1.0 to 15.5 psia, 5)
operating and storage temperatures of 30° F to +130° F, 6) heat soaking at +1€0°
F and cold soaking at -65° F for a minimum of 3 hours, and 7) rapid changes in

sample gas pressure and temperature.
3.2.1.6.13.3 Pressure Transducers

A pressure trancducer shall be used to sense gauge pressure of the gas flow to

the supply air boost compressor of the ASM, to the ASM itself, and of the inert

product gas flow leaving the ASM. The inert gac (NEA) pressure inside thc high
pressure storage bottles shall also be measured. If any flowmeters are used for

ASM control, then two pressure transducers shall be used in conjunction with

this flowmeter (potentially located immediately downstream of the ASM's

“ -

modulating back-pressure control valve).

These transducers shall continuously monitor duct gauge pressure and possess BIT

e % fa'a """! l-

function capabilities to detect transducer or system failure. As an objective,

L
-—

these units shall be used in the OBIGCS inert product gas oxygen concentration

and flow scheme.

hF{

&’
aval

»

.‘!-‘;

The transducers shall be designed for vrapid response, high reliahility and

-

-
- >

infrequent, vet simple maintenance actions. As a minimum, these transducerl-
- shall be thresl. .d devices generating a signal within 15 seconds of a measured
duct pressure wvhich is 15% lower than the specified design pressure value.

Transducers with a measurement range of 0 to 15C psig. 0 to 100 psig, and O to

A= o

RS

3500 pcig shall be required.

Kl {4! ,“ i
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The specified performance of the pressure transducers shall not be affected by:
1) specified aircraft vibration and acceleration levels, 2) water vapor
(relative humidities to 100%) and aviation fuel vapors in the gas entering the
sensing ports, 3) ambient pressures of 1.0 to 15.5 psia, &) operating and
storage temperatures of 30° F to +300° F, 5) heat soaking at +160° F and cold
soaking at -65° F for a minimum of 3 hours, and 6) rapid changes in sample gas

pressure and temperature.
3.2.1.6.13.4 Temperature Transducers

Temperature transducers or other temperature measuring devices shall be used to
sense temperature of the gas flow to supply air boost compressor of the ASM, to
the ASM itself, and of the inert product gas flow leaving the ASM. The inert
gas (NEA) temperature inside the high pressure storage bottles shall also be
measured. A single thermocouple shall be used in conjunction with the flowmeter
(potentially located immediately downstream of the control valve of the ASM).
As an objective, thermocouples will also be used to fault monitor compressor

operation when electric motors are used to drive the OBIGGS'Ss compressors.

These temperature sensors shall continuvously moniter gas temperature in the duct
or location they are installed in. As an objective, these units shall be used
in the OBIGGS overall control scheme. As a minimum, these temperature sensors
shall be threshold devices generating a signal within 10 seconds of a measured
duct temperature or compressor temperature which 1is 15% higher than the
specified design temperature value. Temperature sensors with a measurement

range of 02 F to 300° F shall be required.

3.2.1.6.13.5 Flowmeters

The mass flow rates of the product gas of the ASM and the output of the pressure
storage bottles shall be measured using standard measuring technique«. The

flowmeter shall provide the necessary information to the aircraft data bus tn

control the ASM product flow rate to 0.65 + 0.05 pounds per minute using a back

pressure control valve with a minimum range of 0-1 pound per minute. The high
pressure borttle output flowmeter shall have a range of TBD pounds per minute.

with an accuracy of + TBD %.
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3.2.1.6.13.6 Motion Transducer

A motion transducer, or an equivalent functional device, shall be used along
with the modulating ASM back-pressure control valve to provide valve (if used)

control.
3.2.1.7 Interface Requirements
i 3.2.1.7.1 External Interfaces

The OBIGGS system shall interface with the Environmental Control and Thermal

Management Systems and the integral wing/body fuel tanks.

31.2,1.7.1.1 External Systems Description

The aircraft Environmental Control System shall supply air at the pressures and
temperatures specified herein. This system also includes the filters and water

separators required to reduce the effects of ASM supply air contamination.

The distribution system shall deliver NEA from the ASM to the aircraft fuel
tanks. The system shall interface with the intertank fuel transfer and
crossfeed system through the appropriate valves and fittings.

3.2.1.7.1.2 External Interface Identification

External interfaces are shown in Figures 4 and 5.

3.2.1.7.1.3 Hardwvare-to-Hardware External Interfaces

The OBIGGS interface to the distribution system snall be through ducting which

meets the requirements stated in MIL-E-38453A and the intent of ARPEO9C.

System components shall utilize a nominal 115 VAC (400 Hz), or 28 VDC, per HIL-

R R A o el e WEORE_ K R e Dl Tn I K I il SealMR

STD-704D or 270 V(. The OBIGGS shall consume no more than TBD KV maximum

power. Other components including heaters for the OBIGG unit. if necessary,

shall consume no more than a total of TEBD LV.

01
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Electrical power quality requirements shall be compatible with the given
aircraft’s power quality and within MIL-STD-704D, Category B. Electrical
overload protection shall be in accordance with MIL-STD-454H(3), Requirement 8.
All solenoids, if used, shall be in accordance with MIL-S-4040D(1).

Elecirical connectors shall conform to MIL-C-83723D(1), Series III, bayonet type
as applicable. Viring shall conform to MIL-V-22759D(1), MIL-C-B1044B(1A), or
MIL-W-81381A{1B) applicable. Electrical connections shall be fitted with clean,

durable shippings caps in accordance with MS90376C as applicable.

All electronic circuitry (both data and power interfaces) shall be tolerant of
accidental connection to either side of the power bus and to inadvertent
polarity reversal of input power. All electronic and electrical components

shall be tested in accordance with MIL-STD-202F(5).

The OBIGGS shall be electrically connected to the aircraft data systems. The
system shall receive, interpret, and validate the data from the aircraft data
system. The system shall communicate BIT data to the central aircraft BIT
display software.

3.2.1.7.1.4 Hardware-to-Software External Interfaces

Hardware to software extevnal interfaces chall be as detailed in 3.2.1.6.12.

ek

P

3.2.1.7.1.5 Software-to-Software External Interfaces

>

Software-to-Softwvare external interfaces will be between the BIT of the

Controller Processor and aircraft status and warning systems in a format and

PR e il

X e .'.".. A

rd

vith values compatible with aircraft systems.

=

3.2.1.7.2 1Internal Interfaces

g = -

The internal interfaces shall be as shown in Figures 4 and 5 and as described in

Section 3.2.1.6 and subparagraphs thereto.

NI AT IO

...‘||_|:.,". v -“
»




v N O T DTN T IN ON Y U rn ) [ (N AR RN AN LA AR ARAEBAANA RNV PV NUTURUIFVY TSV KW R U FE 7 AF QMRS AN WL

e
b
3.2.1.8 Government Furnished Property M
e
The OBIGGS shall not include any Government Furnished Equipment in its design. A
Government Furnished Information shall include the physical and elecronic inputs :
available to the OBIGGS from the aircraft and the format required. El
3
3.2.2 System Characteristics 5
R
3.2.2.1 Physical Requirements Y
. : i
The weight of the OBIGGS shall not exceed the weight of typical foam inerting ?
installations on existing tactical aircraft. This weight limit is on the order ;_
of 300 pounds. As an objective, the 0OBIGGS entire installation weight will be -:
no greater than 300 pounds with an installation package volume no greater than i{ ,
8.0 cubic feet <(including the increased cooling systems size for cooling the .
bleed supply air). %
N
Equipment shall rot generate noise in excess of maximum allowable levels Eg.
prescribed by MIL-A-8806B, or AFR 161-35 as applicable. The design will S\
mconsider the effect of system operation in the vicinity of the head of flight ;
or ground personnel. Noise abatement measures will be taken to assure that Ei
system operation will never expose unprotected personnel to noise levels that ::
exceed 135 dB in any octave band. :0
o
Any deliverable components and systems will meet preservation, packaging and f{ .
; packing requirements derived from MIL-STD-1188s, Level C, FED-STD-102B, PPP-B- i?f':
» 636H(1), PPC-C-1752A°1), and PPP-B-6101F(2) as applicable. ;> .
{l
3.2.2.2 Environmental Conditions ;"
"
The OBIGGS shall not suffer any detrimental effects as a 1esult of exposuie 1n :
any combination of the environments specified herein. It shall be capahble ot f 
: meeting all performance requirements when operated during, or after, any ot the _i
environmental tests described herein.
The system shall operate within specifications when exposed to altitudes up to
70 kft. The equipment shall deliver the required performance vhile withstanding e
the temperature altitude tests specified in MIL-STD-810C, Method check 50U4.1, ;'
Procedure 1. The maximum altitude tested shall be 70 kft. :;
g
: 63 5




The equipment shall deliver the specitied performance, while withstanding the
high temperatures specified in MIL-STD-810C, Method 501.1, Procedures I and II.

The highest temperature under which the equipment shall deliver the specified

performance is 125° F. Operation and storage of the hardware in the range of
1250 F to 160° F is also required. However, the inert product gas flowra.e and

oxygen concentration requirements shall be waived.

e @ m &

The equipment shall deliver the specified performance while withstanding the low »
temperatures specified in MIL-STD-810C, Method 502.1, Procedures I. The lowvest 3
temperature under vwhich the equipment shall deliver the specified performance is

0° F. oOperation and storage of the hardware in the range of -65° F to 0° F is !

also required. However, the inert product gas flowrate and oxygen concentration - .

requirements shall be waived.

The OBIGGS equipment shall operate,

deliver the specified performance, and be
transportable at aircraft altitudes from sea level to 70 kft in accordance with

MIL-STD-810C, Method 500.1, Frocedure I, and MIL-4-8421F respeciively.

The OBIGGS equipment shall be capable of operating, and deliver the specified

performance, in any position/orientation, and for any length of time incident to

the aircreft's flight maneuvers.

The equipment shall be capable of operating, and deliver the specified

performan<e, when exposed to the humidity test conditions specified in MIL-STD-

810C, Method 507.1, Procedure I or II. The equipment shall also deliver the

specified performance and not suffer any detrimental effects afrzer being

subjected to relative humdities up to 95% at ambient temperatures up to 160° F.
The OBIGGS components shall deliver the specified peiformance and not suffer any
detrimental effects after exposure to rain conditions described in AR-70-38, and

in MIL-STD-810C, Method 506.1, Procedure 1. ’

The equipment’s corrosion resistance shall be evaluated in accordance with MIL-

STD-810C, Method 509.1, Procedure I, and shall deliver the specified performance

and not suffer any detrimental effects after being subjected to the conditions

of AR-/0-38, Category 2. in addition, the equipment shall peifoim

satisfactorily, and its endurance capability and useful life shall not be

adversely affected while operating in, or after exposure to, salt laden air.
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The OBIGGS equipment shall deliver the specified performance and not suffer any
detrimental effects from being subjected to the blowing conditions described in
AR-70-38, Category 4, and in MIL-STD-810C, Method 510.1, Procedure 1.

The OBIGGS equipment shall deliver the specified performance and not suffer any
detrimental effects from being exposed to the internal sand and dust conditions
of MIL-T-83116A.

The OBIGG's equipment shall deliver the specified performance and not suffer any
detrimental effects from being exposed to the fungi specified below as described

in MIL-STD-810C, Method 508.2, Procedure I.

Fungus Groups

Fungi ATCC No. USDA No.

Aspergillus niger 9642 386
Aspergillus flavus 9643 380
Aspergillus versicolor 11730 432
Penicillium funiculosum 11797/ 474

Chaetomium globusom 6205 459

lLine replaceable units (LRU’s) required to operate in a potentially explosive
atmosphere shall be tested in accordance with MIL-STD-810C, Method 511.1,
Procedure I. The OBIGGS shall not ignite an explosive atmosphere and shall not

sufter any detrimental effects from operating in an explosive atmosphere.

The equipment shall deliver the specified performance while withstanding the
vibrational stresses specified in MIL-STD-810C, Method S14.2, Procedure IA4,

Category b.2, and in NAVMAT P-9492 as applicable to the given fighter aircraft.

The equipment shail be tested in accordance with MIL-STD-81uC, Method 5Sie..
Procedure I. In addition it shall withstand without performance degradation.
mechanical shocks of 40 g (sine waveform) amplitude from any direction for a
duration of 2 milliseconds. or the most appropriate shock level and duvation fou

the given fighter aircrait.
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The equipment shall be tested in accordance with MIL-STD-810C, Method 513.2,
Procedure I and II. In addition, the equipment shall deliver specified
performance while vithstanding steady state acceleration levels of +9 Gz, -3 Gz,
+6 Gx, and +2 Gy, or the most appropriate acceleration levels for the given

fighter aircraft.

The equipment shall deliver the specified performance while withstanding the

gunfire vibrations levels specified in MIL-STD-810C, Method 519.2, Procedure I.

The equipment shall deliver the specified performance while withstanding the
acoustical noise levels specified in MIL-STD-B10C, Method 515.2, Procedure I,

Category A.

The equipment shall be capable of operating, and deliver the specified
performance, vwvhen exposed to the temperature, humidity, and altitude test

conditions specified in MIL-STD-810C, Method 518.1, Procedure I.

3.2.2.3 Nuclear Control Requirements

Thele are no nuclear contiol requiremenis in this system.

3.2.2.4 Materials, Processes, and Parts

Materials and components shall conform to applicable specifications as specified
herein. Materials, processes, and parts cshall he selected in the order of
precedence set forth in MIL-STD-143B and ADS 13B. Materials and components
which are not covered by applicable specifications, or which are not
specifically described herein, shall UbLe of the highest quality, lightect
practicable weight, and entirely suitable for the purpose intended. The use of
standard parts is advocated. However, this is secondary to the prime objective

of meeting system performance requirements.

Any materials that deteriorate, or are otherwise affectad by continued seirvice
with nitrogen shall not be used in the OBIGGS, or the fuel system. Material:
exposed to fluids normally used in military aircraft shall be resistant to

damage by such fluids.
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Metals shall be corrosion resistant, oI suitably treated to resist corrosion
caused by fuels, salt spray, and atmospheric conditions likely to be met in

storage and in normal service.

Dissimilar metals, such as defined by MIL-STD-889B(1) shall not be used in
intimate contact vwith each other unless suitably protected against electrolytic

corrosion.

All castings shall be classified for and inspected in accordance with MIL-C-

6021H(1).

Weiding shall be in accordance with MIL-W-6858D, MIL-W-6873B, MIL-W-86044A, and
MIL-W-8611A. Brazing shall be in accordance with MIL-B-7883B.

Heat treatment of aluminum and steel parts shall be in accordance with MIL-H-

6088F(1) and MIL-H-6B75G respectively.
Threads shall be in accordance with MiL-S-8879A(1).

Tapered pipe threads way uvi ve ised except to permanently plug drilled holes.

When used, they shall comply with MIL-P-7105B(1).

All threaded connections in nonferrous materials shall have steel inserts that
are suitably protected from electrolytic corrosion. Fill and drill boss inserts
shall be designed to permit the use of standard gaskets or seals and standaid

straight-threaded plugs.

All threaded parts shall be securely locked by safety wiring, self-locking nuts,

cotter pins, or other military standard methods.

Fasteners, for mounting or assembly, utilizing self-locking features in
accordance with MS33588D shall be used where jssible in preference to safety
wiring or cotter pinning. When the use of safety wiring or cotter pinning
cannot be avcided, safety wiring and cotter pinning shall be employed 1n

accordance with MS33540H.

Electrical bLonding shall be in accotdance with M1L-B-5087B(2), Class H, and

shall not prevent installation or removal of the equipment.
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Any nonmetallic material that is adversely affected by continued use with
nitrogen shall not be used in contact with the NEA. Also, materials which are
nutrients for fungi shall not be used in the OBIGGS’s construction. Nonmetallic
seals, gaskets, grommets, and similar items used in the components shall be

compatible with the environmental conditions specified herein.

All elasiomers shall be free from foreign agents that might cause objectionable

or intolerable odors. Elastomer components shall be controlled in accordance
with MIL-STD-1523A.

Advanced composite materials may be graphite/epoxy, Kevlar, or fiberglas
reinforced organic polymer matrix composites or hybrid combinations. All
advance composite components shall be finished with pin hole filler, surfacer,
and a suitable enamel coating as vrequired for appearance and/or abrasion
resistance. Composites are not subject to corrosion, however, certain metals
must be protected when they are in contact, particularly with graphite
materials. All aluminum fittings coming in contact with graphite faying
surfaces shall be adequately protected against galvanic corrosion by the
addition of one ply of 120 style fiberglass or Kevlar prepreg on the graphite
faying surface, extending at least 4 inches beyond the aluminuin metal faying
surface. 1In addition, a chromatad polysulfide type sealant shall be applied to
the aluminum faying surface and the fasteners (either corrosion resistant steel
or titanium) shall be wet installed with the same sealant. The aluminum part(s)

shall have one coat of primer plus one coa® of enamel.

Materials subjec. to deterioration or corrosion during service shall be
protected in accordance with MIL-S-5002C(1). Materials specifically subject to
corrosion in nitrcgen, salt air, or any other atmospheric conditions likely to
occur during service usage shall be protected against such corrosion as well.
The protective treatment shall be such that it will in no way prevent compliance
vwith the OBIGGS perfermance requirements specitied in this document, or hinder

or prevent the intended use of the items. The use of any protective coating

that will crack, chip, or scale with age or extremes of atmospheric conditions
shall be avoided.
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Aluminum and aluminum alloy parts shall be protected in accordance with MIL-C-
5541 or MIL-A-8625C(1). Finish and protective coatings shall be ir accordance
with MIL-F-7179F(1), MIL-F-18264D(1), MIL-C-817065, and MIL-C-83286B(2) as
applicable.

The equipment shall be constructed so that parts will not work loose in servvice.

Equipment shall be built to withstand the strains, jars, vibrations, and any

PR

other cecnditions incident to shipping, storage, installation, and service. The

0BIGGS shall utilize fittings to ensure all plumbing is leak tight.

Riveting or welding may be used in the construction of the OBIGGS where
permanent attachments are made. Fittings and joints requiring disassembly for
maintenance shall be attached by Dbolting or other suitable removeable

attachment.

All openings in the equipment shall be closed with caps or plugs to prevent dust
and any foreign matter from entering the equipment during the shipment and
storage. All caps and plugs, and dust and moisture seals shall conform to the

requirements of MIL-C-5501F(1), and MS90376C as applicable.

Lubricants and lubrication shall conform to the requirements of MIL-STD-838C.
Lubricaticon shall function satisfactorily within the temperature range of -65° F
to +160° F. However, the most appropriate upper lubrication temperature limit

for the given hardware ({i.e., high pressure compressor) shall be used if it
exceeds +1600 F,

3.2.2.5 Electromagnetic Radiation

The OBIGGS shall be designed to consider electromagnetic environmental effects
vhich includes: electromagnetic compatibility (EMC), electromagnetic
interterence (EMI), 1lightning electromagnetic pulse (LEMPY, and nuclean

electromagnetic pulse (NEMP).

The equipment shall be tested and shall comply with the applicable
electiomagnetic emissions and susceptibility 1equirements of MIL-STD-461B and

MIL-STD-462(4) for equipment Class Al, Category alb. Electronic circuitry and

enclosures shall be designed to eliminate vulnerability, or hamper system

performance due to electromagnetic pulse, line transients (i.e., high pressure
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compressor electric motor startun), lightning, or static electrical discharge.
The design shall be electiomagreticaliy compaiille with the intrasystem, and
mission electromagnetic environmwent to ensure the OBIGGS and its subsystems
operate wvithout malfunction or degradation. Compatibility testing shall be
accomplished in accordance with MIL-E-6051D(1).

The EMC/EMI program plan shall be tailored from MIL-STD-461B to include specific
tests for the given airplane development program, and shall be accomplished in
accordance with MIL-STD-462(4).

3.2.2.6 Vorkmanship

The workmanship employed in the mrnufacture of all parts and assemblies shall) be
in accordance with high-grade aircraft practices and quality to ensure safety,
proper operation, and service. The finished assemblies and all integral parts
shall be clean and free of oils and any other materials that might adversely
affects its operation. Acceptable workmanship criteria for electronic equipment
shall be in accordance with MIL-STD-454H(3), Requirement No. 9. Acceptable
vorkmanship criteria for ground and associated system equipmernt shall be in

accordance with MIL-W-27076(1).

The OBIGGS, including al) parts and accessories, shall be developed and finished
with craftsmanship, cleanliness, and neatness. Particular attention shall be
given to freedom from burrs and sharp edges, accuracy of dimensions, radii,
fillets, and marking of parts and assemblies, as well as thoroughness of
velding, brazing, painting, rivering and machine finishing, and alignment of
parts and tightness of assembly screws and belts, etc. The OBIGGS shall he free
of any projections or sharp edges which could snag, jam, or damage clothing and

equipment, maintenance personnel, or foul personal equipment.

3.2.2.7 Interchangeability and Replaceability

All parts, subassemblies, and assemblies having the same part number, except Air
Force approved matched sets, shall be functionally and dimensiunally
interchangeable with each other in respect to instaliation and performance, as
defined in MIL I-85C0D. Matched sets will be awvarded, and are detined as those
patrts (i.e., special application parts), which are machine matched or othervise

mated for which replacement as a matched set or pair is essential.
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Replaceable compon :nts shall he designed to preclude improper installation which
could adversely affect the proper functioning of the OBIGGS or its subsystems.
The designs should make it physically impossible to mis-install rather than

using color coding.
3.2.2.8 Safety

The primary satetiy considerations shall be to eliminate or control failures, or
combinations of failures which could: 1) cause injury to flight or ground
personnel, and 2) damage the aircraft fuel system, ECS, or flight equioment
installed near the OBIGGS. The design of the (BIGGS shail minimize the

probability and severity of injuiy to personnel throughout its service life.
All equipmen: shall be developed in compliance witn MIi,~-STD-882B and AFR DH-1-6.

All potential hazards which cannot be eliminated shall be identified through

risk analysis.

All equipment shall be airworthy and shall not create hazards within the
cperaticnal envelep, ov state limitations/restrictions of anticipated ajreraft
operatior. and/or equipment use. A probable single failure of the OBIGGS or its
components shall not cause a hazardous flight condition. Aircraft vulnerability
to multiple component failures shall be minimized by appropriate system fail-

safe design or shut.down invoked either manually or automatically.

All critical pneumatic and electrical lines for the OBIGGS routed through
potential {ire zones shall be appropriately "hardened" to prevent damage to
those lines, thus reducing the potentiai of a nou-functioning system in an

emergency.

Fail-safe features will be incorporated in the design to ensuve against
hazardous failure. Fail-safe operation shall award maximur. system pevrfoimance
if lack of such performance would cause damage to the airivame. For those
instances in which cemponent failures would vesult in a hazardous condition and
fail-safe principles are not possible, redundant components or systems will be
included in the dJesign. Redundancies will be added to those critical components
whose operation is essential to the safe operation of the equipment. These

orinciples will be adheired to in the following cases as a minimum.
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Redundancy management and fail-safe fault tolerance shall be provided by the

control hardware during automatically controlled system operation.

Fail-safe logic shall be included in the design of the controller software so

that software anomalies will have a benign effect on continued system operation.

The design will include measures to prevent inadvertent operation of all active

system elemnents.

The design of the oquipment will be such as to provide maximum convenience and
safety to personnel while installing, operating, and maintaining the equipment.
The system will be free of sharp projecticns or edges which could cause injury
or jeopardize operation of key system components. Equipment design will include
provisions to prevent damage when equipment is operated in non-normal manner.
Any high pressure pneumatic stor.ge bottles are used in the OBIGGS they shall
meet the requirements stated in MIL-C-7905(42) and MIL-A-25363D(2).

The design shall provide positive means to prevent the inadvertent reversing or
mis-mating of fittings, hydraulic lines, pneumatic lines, mechanical linkage,
and electrical connections. When prevention of mis-mating by design
considerations is not feasible, coding or marking shall be employed. Materials
that emit toxic smoke or corrosive fumes when subjecied to leat, or that are
flammable, shall not be used in the OBIGGS. Materials shall not emit gases
which combined with the atmosphere form acids or corrosive alkali. Electrical
oconding of system components will be performed in accordance with MIL-B-5087B(2)
to prevent equipment damage or personnel injury due to lightning discharge,
electrostatic charges, induced radio frequency voltages, and accidental short

circuits.

Grounded shields will be used on all system wiring to prevent explosion hazards
or electrical system damage due to electromagnetic interference and
electrostatic charges. Shields will be grounded to the chassis using the method

of AFR DH-1-6.

3.2.2.9 Human Factors/Human Engineering

The OBIGGS’'s equipment shall he developed in accordance with applicable human

engineering requirements contained in MIi.-H-46855B(2).
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Design procedures shall incorporate the relevent guidance and requirements
contained in AFR Design handbook DH-1-3 for human factors engineering, MIL-STD-
850B for vision, and MIL-STD-1472C(2) for systems, equipment, and facilities.
MIL-STD-1472C(2) will be the basis for maintenance considerations. Any system
status integrally illuminated information panels shall conform to the
requirements of MIL-P-7788E(1).

Human factors engineering principles shall be applied to all design aspects
involving a man/machine interface in accordance with MIL-STD-1472C(2). The ASM
package shall be designed for removal and replacement by 95th percentile
mechanics working in an arctic environment and wearing arctic clothing,
including arctic weight handwvear and other garments. Considerations for
mechanics working in a NBC environment wearing NBC protection gloves shall also

be considered.
3.2.2.10 Deployment Requirements

The OBIGGS shall be capable of thirty days of deployed operation without
additional airlift support.

3.2.2.11 System Effectiveness Models

System Effectiveness Models shall be developed to demonstrate system performance

and interface capability.
3.2.3.3 Processing Resources
3.2.3.3.1 Controller/BIT Processing Resource

The OBIGGS Controller shall be capable of process prts from the aircraft

computers and supplying status to the aircraft mission computers.

3.2.3.3.1.1 Computer Hardware Requirements X

The OBIGGS Controller shall possess the following characteristics: .

Memory Size TBD 3

Word Size TBD
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rrocessing Speed TBD

Character Set Standard TBD

Instruction Set Architecture TBD

Interrupt Capabilities TBD

Direct Memory Access TBD X
Channel Requirements TBD ;
Auxiliary Storage Requirements TBD :'j
Growth Capabilities TBD -
Diagnostic Capabilities TBD v
Additional Requirements TBD

3.2.3.3.1.2 Programming Requirements

The current versions of AFR 300-10 standard higher-order programming languages

chall be used in all systems cf software development.
3.2.3.3.1.3 Design and Coding Constraints

Statements and subroutines written in non-standard code shall in all cases be
clearly identified as non-standard code and shall, where possible, be separated
from the standard code. Computer programs, regardless of media, shall be

written using top-down structured programming techniques. Programs shall be

structured using the «computer program configuration ZItem, and component
definitions of MIL-STD-483(2).

ALY

-‘.

=

Naming conventions for variables, constants, records, configuration items, -3

components, routines, etc. shall be structured to improve readability and 5

traceability. All computer software, support programs and data bases, and their :

associated documents developed for the given aircraft shall only be deliverable Y

N

to the Government to comply with contract requirements. Computer programs A

delivered tov the Government shall be in source and objzct code. by

>

'l

3.2.3.3.1.4 Computer Processor Utilization o
]

The OBIGGS Ceontroller shall receive a centinuous stream of data from the :'
. . . {
aircraft and OBIGGS sensors. These inputs shall be compared to the pre-set e
- b

program of optimum parameter values in a fault detection and monitoring j{
. . . . >3
algorithm and (if used) in a closed-loop, active feedback control system. -5
»

v
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System status shall be displayed to the pilot on a digital display indicator or
a caution word panel. The severity of the warning shall consider the fault’s
effect on Flight Safety, ability to complete the mission, and ability of the

pilot of take corrective action.
3.2.3.4 Quality Factors
- 3.2.3.4.1 Reliability

Reliability program requirements shall be in accordance with MIL-STD-785B, using
reliability terms defined in MIL-STD-721. The mature OBIGGS shall meet the

reliability requirements herein while operating in the environmental conditions

specified herein.

Mature OBIGGS availability, as determined from Maintenance Data Collection
System, AFM66-1 analysis shall be 0.999. System MTBF shal) be 149 hours as
determined by AFM66-1 data analysis of the mature system.

Subystem minimum MTBF shall be as follows:

Air Separation Module MTBF (MTBMA)
Solenoid Valve 25000
Crewv Service Secondary Heat Exchanger 100000
MTBF (MTBMA)
Vater Extractor 50000 :
Air Separation Module TBD a
High Pressure Distribution i
Flow Control Valve 25000 q
Compressor, and Motor and Intercoolers 2000 g
High Pressure Bottle and Fittings TBD :
High Pressure Ground Service Connector TBD i
‘ Orifice and Fittings TBD K
High Pressure Regulator 25000 j
Solenoid Shutoff Valve 25000 5
Manual Shutoff valve 50000 i
Condensation Drain and Valve 20000 \
Check Valve 75000 ;
75
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Pressure Sensor 100000

02 Sensor TBD
Flow Senscr TBD
Controller/BIT 18000
High Pressure Relief Valve TBD

Lov Pressure Distribution

Shutoff Valve 25000
Orifice and Fittings TBD
Demand Regulator TBD
Climb/Dive Valve TBD
Scrub Nozzles and Fittings 200000
Check Valves 75000

IGG Supply Boost Compressor

Boost Compressor and Electric Motor 20000
Trim Heat Exchange 100000
Temperature Sensor 300,000

3.2.3.4.2 Modifiability

3.2.3.4.2.1 Maintainability

Maintainability studies will be based upon sound, practical engineering
judgement, experience, and available data. The OBIGGS shall be designed to
require minimal maintenance, which shall consist of, and be linited to,
performing only those tasks necessary for maintaining the CB1GGS in a safe, and
properly operable condition. The system shall allow perfcrmance of

organizational, intermediate, and depot maintenance.

The potential maintainability of the OBIGGS and its components shall be compared
against the actual maintainabiiity of existing hardvare performing similar
functions. Predictions for component Maintenance Man Honrs per Flight Hour
(mmh/fh) shall then be derived. The evaluation/compariscti of similar, existing
inerting systems, and the proposed 0OBIGGS shall he sufficient to afford a basis

tor determining realistic and meaningful tequirements for follow-on programs.

Maintainability program requirements and evaluation shall be in accordance with

MIL-STD-47CA and MIL-STD-471A, respectively.




3.2.3.4.3 Availability

The OBIGGS shall be available 99 petcent of the time at the start of any

mission.

3.2.3.4.4 Portability

The OBIGGS shall not emnloy system components which are unsuitable for normal

transportation.

§ 3.2.3.5 Logistics

3.2.3.5.1 Support Concept

Frinciples of supportahility as described in MIL-STD-1388-1A will be considered

at each progressive level of detail. The supportability program shall integrate

reliability, maintainability, survivability, life «cycle costs, and other

logistics engineering areas. This shall be accomplished by incorporation of the

appropriate tasks outlined in MIL-STD-1388-1A. The supportability analysis

.2 s s

tasks shaill be performed in an iterative basis. The design shall consider two

levels of maintenance, on-equipment and off-equipnent.

The OBIGGS, its subsystems. and components shall be designed to avoid the use of

special maintenance skilis, tools, and support equipment (SE). Common issue Air

Force hand tools shall be used to support day-to-day maintenance at the main

operating base as well as deployed locations.

The design shall be such that preventive maintenance tasks such as restoration

v of protective finishes can be accomplished on an as-needed basis. Scheduled
f inspections tu ascertain the need for preventive maintenance measures shall not
: be required. Replacement of LRU’s shall be accomplished on an impending or

datected failure basis, ratier than on a schedule or time controlled basis. -,

"On-condition" 1inspection, examination, and evaluation shall be utilized for

W determination of all maintenance actions. The OBIGGS shall be designed to

minimize the number of LRU's and pieces of SE used for servicing, which must be

procuried and inventoiried for rapid deployment



3.2.3.5.2 Support Facilities

All OBIGGS components will be designed such that they can be supported by

existing facilities and equipment.

3.2.3.5.3 Supply

Demands on the supply system shall be minimized. Specific supply data shall be

determined during system development.

3.2.3.5.4 Personnel

All OBIGSS equipmeni shall permit normally available maintenance personnel to
sately, easily, and reliably perform all required preventive and corrective
maintenance tasks on the flight line or at a depot under all anticipated test
maintenance conditions. OBIGGS equipment maintenance functions shall not
require the efforts of more than two men concurrently. HMeans shall be provided
to facilitate the required maintenance functicns including: 1) operational
checkouts, 2) system malfunction detection, 3) Line Replaceable Unit (LRU)
removal and replacemen:, 4) inspection, 5) seivicing, 6) testing, and 7) access

to the system and its components in order to accomplish the above.

Personnel requirements by speciality code and guantity shall be determined

during system developement.

3.2.3.5.5 Training Requirements

Training for military maintenance personnel shall be determined during prototype

development.

3.2.3.6 Precedence

In the event of conflict of requirements, rtequirements of this System

Specification shall govern.
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3.3 Qualification Reauirements \
3.3.1 General
3.3.1.1 Philusophy of Testing

The OBIGGS prototype shall be considered fully tested when it has performed to

the requirements of this specification in a demonstration. -

Quality assurance programs shall be established to identify, monitor and support
prototyne qualification testing. Testing shall be scheduled with sufficient
lead time to allov adequate time for minor hardvare configuration and
performance adjusting vresulting from refinement based upon a subjective .
concensus among test subjects evaluating the system. The period prior to flight :

demenstration shall be reserved for this purpose even if qualification testing :

is complete and compliance with system requirements have been demonstrated.

3.3.1.2 Location of Testing S

The required configuration and qualification testing shall be accomplished at s

the contractor’s facility. Flight qualification testing shall be accomplished

e

at Edwards Airv Force Base, California.

LS

3.3.1.3 Responsibility for Tests

The contractor shall assume the responsibility for qualification tests for

configuration and critical items.

e Ve

3.3.1.4 qQualification Methods

Final system qualification shall be by analvsis, demanstration and ezamination

I IIC2

[

as detailed in the Prototype Development Plan.

3.3.1.% Test Levels

- e
'-' ’ -

¢

All components shall be tested in accoidance with the aitvratt system's test

plan.

AU
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3.3.2 Formal Tests

The contractor shall he responsible for all inspection and test requirements
specified herein. Unless directed otherwise, the contractor shall use his own
or any other suitable facility for the pertormance of the inspection
requirements. Quality conformance inspections shall be required for all

configuration items and critical items.

3.4 Preparation for Delivery

All equipment, assemblies, and parts developed for the ATF OBIGGS shall be
marked for 1identification in accordance with MIL-STD-129H(4) and MIL-STD-
130F(1). A1l fluid lines shall be marked in accordance with MIL-STD-1247B.
Preservation, packaging, and packing shall bLe in accordance with MIL-STD-11884A,
Level ¢, FED-STD-102B, PPP-B-636H(l), PPP-C-1752A(1l), and PPP-B-6101F(2) as
applicable.

vameplates stall be permanently and legibly marked in accordance wiih MIL-STD-
130F(1), MIL-P-6906B(1), MIL-P-15024D(1), and shall be securely attached to the
0BIGGS hardware in locations where they can be read without remecval of the

hardvare from the aircraft.

The current versions of AFR 300-10 standard higher-ovder programming languages
shall be used in all systems of softvare development (JOVIAL -73 is preferred
for embedded applications). Statements and subroutines written in non-standard
code shall in all cases be clearly identified as non-standard code and shall,
vhere possible, be separated from the standard code. Computer programs,

regardless of media, shall be written using top-down structured programming

techniques. Programs shall be structured wusing the computer program

configuration item, and component definitions of MIL-STD-483(2).

Naming conventions for variables, constants, 1ecords, configuration items,
components, routines, etc. shall be structured to improve readability and
traceability. All computer software, support programs and data bases, and their
associated documents developed for the given aircratt shall only be deliverable
to the Government to comply with contract requitrements. Computer prLograms

delivered to the Government shall be in source and object code.




4.G  PROTOTYPE DEVELOPMENT PLAN

The prototype development plan for the best choice stored gas OBIGGS was based

on a detailed work breakdown structure (WBS) that was divided into four major

tasks: Preliminary Flight Design; Performance Analysis; Hardware Design,

Fabrication, and Component Testling; and Systemr Testing. Test requirements and

R AR

test plan documents will also be compieted uvpon delivery of the prototype

system. A detailed description of the system test approach is contained in

Section 4.1. A WBS outline and the development schedule are presented in

+

Section 4.2. Figure 9 summarizes the program plan and Figure 10 shows the

s
.-

correlation between the major tasks to statement of work (SOVW) paragraph

5SS

numbers.

e s v eng
4

The fighter OBIGGS prototype development plan is time phased to the development

of the prototype Advanced Tactical Fighter (ATF) aivplane. The objective is to

’

have a flight worthy OBIGGS developed in time for the ATF flight test program.

A Y.

Ground testing of the system will be conducted using the SAFTE facility at

WPAFB. This wvill be completed in time for the prctotype OBIGGS to be installed

and flight tested on the pretotype ATF. Key milestones of the OBIGGS

|

BV AP AL LN

development are shown relative to ATF milestones 1n Figuve 11.
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TASK 1 PRELIMINARY FLIGHT DESIGN

System Configuration Definition
Safety and Reliability Assessment
Critical Components Verified

Preliminary Design Review

TASK 2 HARDWARE, DESIGN, FABRICATION AND COMPONENT TESTING

Critical Components

Test Article Components

Test Suppoit Hardware

CDR; Performance and Interface Document System

Test Article Assembly, Instrumentation and Checkout

TASK 3 SYSTEM TESTING

Test Requirements Document

Test Plan Document

Test Plan Review

Deliver Test Article To Test Site

Support Test

TASK 4 PERFORMANCE ANALYSIS

System Performaiice Analysis
Test Articie Performance Anzlysis

Test Evaluation

DELIVER FINAL REPORT
CONDUCT CONTRACT FINAL REVIEW

Figure 9 OBIGGS Plan Summavy

.......
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TASK W8S
PRELIMINARY FLIGHT DESICN 1.0
HARDVARE DESIGN, FABRICATION 2.0

AND COMPONENT TESTING

Detail Design .1
2.1.1
2.1.2
2.1.)
Fabrication o2
2.2.1
2.2)
Component Testing .3
2.3
P P
SYSTEM TESTING 3.0
Test Requirements and Plans 3.1
3.1.1
3.1.2
3.1.3
Real-Time and Post-Test Support 3.2
3.2.1
3.2.3
3.2.4
PERFORMANCE ANALYSIS 4.0
4.1
4.2
4.3
4.4
4.5
: 4.6
4.7

3.5,

Figure 10 Correlation Becveen WBS and SOV
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Component specifications are presented in Section 3.0. These specifications
will be used to identify components that can be procured off the shelf or
upgraded to meet tequirements with minimum risk. Interface control drawvings
vill be issued for these components to ensure proper subsystem integration.
Components that must be developed will be classified as critical components
vhich must be individually designed to meet specification requirements. As yet,
. no component has been identified for the stored gas OBIGGS design which does not
exist in at 1least a smaller version. For any critical components, design
: drawvings will be prepared; engineering analyses will be performed; and parts,
materials, and processes will be identified. Next, a system design effort will

be initiated to produce layout assembly drawings; prepare subsystem powel,

weight, and volume data; and perform maintainability, safety, and reliability
analyses. This information will be used to conduct a preliminary design review
(PDR), during which the flight design, critical componen. identification, and

preliminary requirements for a prototype system vill be presented for AFVAL

B AR

approval.

v

Folloving PDR, emphasis will shift to development of a system designed both for :i
flight testing and interfacing with the SAFTE Fuel Tank Test facility at WPAFB. g
o
=
The next major item will be a critical design review (CDR) that will be held at ﬁ
WPAFB. The detailed design drawings of the system and test support hardware ﬂ
‘e

will be presented together with critical component test results. SAFTE facility
interface requirements for the system ground acceptance test and ATF interfaces

for the flight tests will be discussed.

Following CDR approval, the test support hardware and the remaining system
components will be fabiricared. Component testing will bLe completed, and the

correlated models will be incorporated into the final system performance model.

The system will be assembled, instrumented, serviced, checked out, and shipped. :;

Test plan test profiles will be defined and pretest predictions wil) be made. ;;

D

. On-site support wiil be provided for the ground flight tests, including posttest *Q

ey

O
PR N

evaluations, the vresults of which will be included in the final 1eport.

Delivery of the final report will conclude the program. The work breakdown .
structure (WBS), presented in Section 4, identifies those subtasks necessary to :3
e
x @
achieve task objectives described in this section. This expanded WBS is the *e
basis for the program schedule. Also, the advanced stage of the baseline N
development study provides us with the data needed to move quickly into program ﬁj
-
tasks. 'J
'}J

{
oA
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4.1 Technical Requirements and Approach

PRI R

The technical approach for meeting the requirements of the four major tasks of

the OBIGGS Prototype Development program are discussed in this section.

Sections 4.2 through 4.6 contain information on specific task requirements,

methods of approach, and benefits resulting from that approach.

rm e A E e

Three fully developed, well-established, computer-based models will be used to

generate realistic cost estimates during the development program (Appendix E). T
Experience in designing and testing helicopter OBRIGGS hardware will provide -

valuable insight into production and test planning during this :ask. Previous

coentract work on related programs provides the background necessary to

understand the need for a flexible approach in an eavironment of rapidly

changing requirements.

4.1.1 System Design Criteria And Requirements

The point of departure for system design criteria and requirements will be the
OBIGGS preliminary design presented in Volume I. A technical working session !
vill be conducted at AFWAL as part of the kickoff an. requirements review
meeting to review this design and formally establish system and component )

requirements and interfaces. A draft requirements document will also be

provided to AFWAL at this meeting.

Periodic reviews of system requirements will be needed. Therefore, reviews at ‘.

the following key program milestones are recommended:

o The start of system detail design.

o The start of test plans and requirement:; development. by

4.1.2 Maintenance, Reliability, and Safety

Maintenance, reliability, and safety are extremely vital factors that must be
designed into the system as an integral part of each program step. For example,
safety considerations dictate that in the event of failure, the subsystem will
be designed to minimize the risk of damage to the aircraft. Design guidelines
incorporating safety factors will be delineated for use during the program. )

These detailed guidelines and requirements will be developed from system safety
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hazards analyses, which will be performed by qualificd safety engineers on an

ongoing basls during the final design tasks. The same approach will be used for

RN

reliability and maintenance requirements. Analyses will be conducted as

required to support engineering decisions. Systems safety analysis support will

ensure that safety risks are identified and eliminated in the OBIGGS design and

™ .-

operational procedures. Preventing potential injury of personnel from ruptured 3
. ducts, compressor failure, and electrical components will also be a major '
consideration in the hardware design. ;
Boeing has an extensive experience base for reliability analysis of compressors ¢ 
pumps, valves, and similar components. As a result, evaluation of these items )
will be straightforward. During this program, any Boeing developed data that :
will contribute to improved solutions for these reliability issues as they 3
affect the prototype OBIGGS will be made available to the program. i
A
Primary goals for the OBIGGS design are to minimize maintenance and make the
system easily maintainable. These goals will influence many of the design ;
decisions made in developing the systen. 1H
3
4.1.3 Prototype Fabrication and Checkout e
‘2
Fabrication and checkout of the OBIGGS prototype will occur over a 1l6-month .
period. Key features of this schedule are: f
o Purchase ordering of a long-lead items 12 weeks befcre assembly start. '
0 Allocating sufficient time for system assembly and checkout, including ~3
thorough testing and debugging of mechanical, electrical, and control t
components, as required. &.
k%
o Preparing the system for delivery to the SAFTE fuel cell test facility i;
. and later to the ATF flight test program in test-ready condition. All (o
instrumentation and test sSupport equipment will be in place, ready to 5'
be coanected to test facility ccmponents. This step, and our direct :.
assistance with on-site integration of the system with the SAFTE (”
testbed and later with the ATF will minimize the time and effort
f necessary to prepare for the final flight and acceptance tests. -~
»
)
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Figure 12 illustrates the flow of parts and components and the assembly and

Pl

checkout sequence. .

A

-

Prototype components, will be obtained either frem inhouse manufacturing

. .
capability or from scientific, aerospace, and commercial specialty )
manufacturers. The use of existing technology will have top priority in s
determining supply sources. Cost and availability will also be prime factors . S- -
considered in make/buy decisions. i

: .
. by -
Boeing specialists will be used to reviev designs and prepare plans for quality pY
v,
assurance, reliability, safety, and material compatibility. o,
[(
]
During this fabrication and checkout phase, quality assucrance plans and design Q
features will be 1included to ensure implementation of system safety and N
reliability. The project engineer will be responsible for implementing these ﬁ_
plans and directing required specialized inspections and functional tests. N .
.
t
L)
Specialists will conduct prototype assembly and checkout, including: -ﬁ
Y, .
!
e o Skilled instrumentation and control system personnel with access to -
-
state-of-the-art aerospace-quality instrumentation and data processing o
facilities. ,
(.
it
o Engineers and mechanics with extensive experience in assembly, s
checkout, and sophisticated leak testing of aerospace-quality systems. 23
.e
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Figure 13 lists the contents and sequence of functional checkout tests and
inspection procedures to be compieted before prototype delivery to ATF flight
test. Performance wil: be verified for a range cf typical operating conditions.
The sequence nf functional and checkout testing during unit assembly will
maximize overall efficiency of these activities. Critical problems for the

final assembly will be solved in stages.

All instrumentation will be veritied after installation to ensure that data
channel identification and actual sensor locations agree. The control system
will be operated and verified by simulating sensor input signals and confirming
that control responses are correct in location and direction of control of the
compressors and valves. The performance verification and checkout testing
specifications will ensure that system operating problems will be detected

before the prototype is shipped tc ATF Flight Test.

4.1.4 Prototype System Test

This section describes the prototype system test activities. These tasks and
subtasks include defining test requirements, developing the detailed test plan,
conducting the subsystem test, and documenting test results. Figure 14 is a
vorkflow plan illustrating task inputs, subtasks, task outputs, and workflow

relationships.

The prototype system test will be preceded by individual component tests to
ensure that each component performs as specified. Problems revealed during the
tests will be resolved before the prototype system is assembled. These tests
vill be conducted at Boeing, Seattle under direct control of the OBIGGS program
manager. Therefore, component problems will bc identified and resolved in a
laboratory environment designed to perform tiiese activities cost effectively.
By performing these component tests, the risk of component performance anomalies

occurring during the ground and flight acceptance tests will be minimized.

The complete system will be assembled, instrumented, and checked out before
shipping it to the SAFTE test cell. Any problems will be identified and
resolved at that time. The advantages of this approach are that it minimizes
{1) the cost of identifving and resolving problems because all engineering and

shop resources are available at our facilities and (2) the risk of test delays
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Instrumentation and controls

Sensor and cable end-to-end check for electrical and identity Lenibication
Simuited operation of controller, valves, and compressor

Alignment, leveling, and system integrity

Optical aignment of parts
Installation of special tittings for testing, shipping and handling

! NEA purge tests

L J
L

Operate as require¢ dunng inttial startup of test article
QOperate through full range of anticipated demands

t ®  Gradually burld test levels to full design toads

Figure 13. SAFTE Ground Tests
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during use of the testbed at AFWAL while problems are resolved. After ;$n
successful completion of the checkout tests, we will ship the system, fully

assembled and in working condition, to the SAFTE test fuel cell. &

P

. At month 19 in the program, all components will be fabricated and the test '
assembly will be sctarting. Therefore, the test article configuraiion will be Y.

. finished making it possible to define the test requirements. The Test 3

-

Requirements Document (TRD) will be released at the start of month 20.

Preparation of the Test Plan Document (TPD) will begin when the TRD is released

and will be complete 1 month later at the start of month 21, At this point, (1)
the test support hardware fabrication will be completed, 2} the protetype

system assembly will also be complete, and (3) analytical pretest predictions

vill be completed and documented. Because all hardvare will be completed, the

7 YT s

TPD can be developed vithout adding risk. Intertace requirements will also be

documented in time to support TRD preparation in month 20. Lastly, both the
prototype system and the test support hardware will be at an advanced stage of

development by the time the TRD and TPD are developed.

After the test documents are prepared and the system has been checked out,

ground tests will be conducted at the SAFTE fuel cell testbed at Wright-
Patterson AFB Ohio. The advantages of conducting these tests at WPAFB that (1)
the tests will demonstrate that the system requirements have been met and (2)

Boeing and Air Force personnel can familiarize themselves with system operation

TN USROS W VN W S

so that they can integrate and operate the OBIGGS during ATF flight tests.

Y
W
N8
.'} "
4.1.5 Test Requirements and Planning £
-
Test requirements will be defined by the personnel who perform the OBIGGS .
v detailed design. They will use design information and the analytical models to :}
”
. ptoduce the TRD. Using this information cnsures that the personnel who develop i
.h
the requirements are tamiliar with system details and are suppoited  he f
. colrelated analytical models, which can simclate the full rtange of noeminal and ;
off-nominal operating conditions. ::
The TRD will be used to formalize test 1eyguirements so that the Boeing [
Propulsion Technology organization can develop the integrated test plan. The X
TRD will be submitted to AFWAL 1 month before start ol the system ground test, D
vhich will be conducted at the SAFTE fuel cell tacility. Figure 15 outlines the ,;:'
N
contents of the TRD, vhich will be prepareu and submit ed for AFVAL treview. )
L
3
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1.0

2.0

3.0

5.0

BACKGROUND
1.1 Description of On-Demand OBIGGS Design
1.2 Mission Module Applications and Profiles

DESCRIPTION OF PROTOTYPE SYSTEM

SYSTEM ACCEPTANCE TEST PHILOSOPHY
3.1 Purpose
3.2 Objectives and Issues To be Resolved

3.3 Test Approach To Accomplish Objectives

PRELIMINARY TEST CONFIGURATION AND FACILITY REQUIREMENTS
«.1 Layout and Schematic Drawvings

4.2 Interface Control Drawings

4.3 Boundary and Environmental Conditioning

4.4 Test Instrumentation and Controls

4.5 Data Acquisition, Processing, and Display

PRELIMINARY SCHEDULE OF TESTS

Figure 15 Test Requirements Document Contents
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The TRD wil} describe the background, configuration, and preliminary purpose ard
objectives of the system acceptance test. The overail test philosophy and
approach clarify how various test categories will meet the objective of
verifying system interfaces and performance. The document will contain a system
description and instrumentation and control requirements. Also included will be
requirements for test support at the SAFTE fuel cell facility and at the ATF
- flight test site, including data acquisition, power requirements, interfaces,

computer programs, and personnel responsibilities.

The test configuration and facility requirements will include schematic drawings
of the test setup, including the test article, and test system controls. The
document will include Interface Control Documents (ICD’'s) that define physical

and electrical interfaces between the prototype and test support equipment.

A TPD, outlined in Figure 16, will be submitted 1 month prior to test start.
The TPD will outline specifically how the test will be conducted ard how the
objectives and requirements will be met. The test plan will give final details
of the test fixtures and interfaces, including how they are controlled during
each test. The test plan will identify the location of sensors, describe the
calibration variables, and the relationship of the sensors to the d=ata

acquisition system.

A test plan overview will relate specific test objectives and issues to specific
tests. For example, the overall objective of verifying that OBIGGS perfermance
satisfies design requirements will be part of the TRD. The additional detail

providea in the test plan overview will specify exactly which steady state and

transient tests will be conducted and which performance variables will be

verified in each test or series of tests. This process is an allocation ot
objectives to individual and sequences of tests. This documentation will .
provide basic information to establish a preferved test sequence. Issues to be :
resolved in determining test sequence include (1) gradual development of maximum N
. performance conditions, (2) controlled and monitored approach to test conditions
that may be hazardous to equipment ov personnel, (3) continuity of test ;1 |
condition changes tu minimize time icequired to establish new fuel quantities or '
other conditions from one test to the next, and (4) subdivision of activities \
into testing sequences with clear objectives and results to provide convenient .
break points. )
)
{
:
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1.0 TEST CONFIGURATION AND FACILITY DESCRIPTION
1.1 Layout and Schematic Drawings
1.2 Interface Control Drawings
1.3 Boundary and Environmental Conditioning
1.4 Detailed Description of Instrumentation Channels

1.5 vDetailed Description of Data Acquisition, Processing, Real Time
Calculations, and Data Displays )

2.0 TEST PLAN QVERVIEW '
2.1 Individual Test Objectives and Issues to be Resolved

2.2 Allocation of Objectives to Individval and Sequences of Tests
2.3 Test Sequence and Rationale

3.0 DETAILED TEST PLANS FOR EACH TEST SERIES
.1 Objectives

Test Conditions and Sequence of Events

Special Test Requirements

(0 W W W W

2

3
.4 Predicted Performance and Anticipated Results
5

Correlation of Test Results wvith Objectives

4.0 POST TEST ACTIVITIES
4.1 Fost test Inspections and Calibrations
4.2 Extended Data Processing
4.3 Contents, Quick-Look Test Report

4.4 Scope and Contents, Final Test Report

R
M
N
i
4

e gnd

Figutre 16 Test Plan Document Contents
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Anotker important element of the tes:i plan will be documenting predicted results
for critical tests. These predictions will be used to confirm normal opervation
during conduct. This step will aid in early detection and resolution of any
ptoblems with the test setup, instrumentation, or prototype system, and minimize

response time to any unexpected test errors or problems.

. The TRD will contain a complete test matiix and step-by-step divections fot the

! conduct of each test.
4.1.6 Real-Time and Post Test Support

The OBIGGS prototype will be delivered fully assembled and ready for acceptance
} testing to the SAFTE test cell in month 20 and to ATF flight test in month 28.
| Before it is shipped, the system will have successfully passed checkout tests
verifying system performance. This test support equipment will be delivered
with the system for use at the test facilities. All physical, electrical, and
instrum -~tation interfaces will have been coordinated with AFWAL and documented
so that both the system and the test support equipment will be fully compatible
with the fuel cell test bed facility and the ATF.

During the pretest and checkout activities at the SAFTE fuel cell, two test
engineers will coordinate interfacing the system with laboratory facilities and
test support equipment. This list will be reviewed during the program and
completed during the test requirements definition phase. If any of the required

equipment is not available at the test sites, it will be supplied trom general

puipose test equipment 1inventory and shipped with the system. This will

minimize the cost to conduct the system acceptance test.

4
4
.

During testing, two engineers will support the test so that at least one
engineer 1is available 24 hours per day. These engineers will provide onsite

consultation to test personnel, assist in taking data. make real-time decisions,

A Rl Sk LN

. and assist in troubleshooting hardware anomalies. Their availability 1educe-

A 4

the risk of schedule slides duiing the tests.
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A quick-look test report will be prepared two weeks after completion of the
ground tests and after the flight tests. Two weeks after the final flight test,
a final performance and evaluation report will be prepared. This report will
present the test data and compare them with analytical pretest predictions and
requirements established in the early phases of the program. Anomalies will be
analyzed and evaluated in terms of their significance and impact on system and
subsystem performance. In addition, performance deficiencies will be noted and
recommendations made for their correction based on previous design, analysis,

and test experience.

4.2 Program Management Plan

The Boeing management approach to the OBIGGS Development program will emphasize
early risk detection and resolution and the economic allocation of skilled
personnel to ensure program completion on time and within budget. Recognizing
the value of communication regular meetings have been incorporated inte the
schedule to resolve technical issues and provide data on program progress. The
program plan is shown in Figure 9, the logic network in Figure 14, the WBS and
the program schedule in this Section. 1Individual task flow charts for Tasks 1
through 4 in Section 4.0 identify how we w:il conduct these major tasks to
achieve our technical objective. The program management plan describes how the
staffing and resource allocation will ensure that the fluctuating needs for

specialized personnel and facilities are met.

Major program milestones include preliminary design review, critical design
revizw, bhardware fabrication, and acceptance tests. The program plan will
utilize highly specialized personnel and to use production and test facilities
for only the limited times they are required. These engineering and laboratory
resources will be drawn from within the Propulsion Technolegy organization and
phased into and out of the program development as required. The management
approach 1s designed to respond to short-term assignment needs and changing

skill mix requirements.

To conduct this program, Boeing will assign management and technical personnel
who have the expertise and experience in fuel tank fire supressant research

development management, design and analysiz.

R 000007 7102005300000 AN S SR e T A i




The program manager will have total responsibility for meeting program cost,
schedule, and technical requirements. He will alsc be the single point of S
contract with the AFVAL Contract Monitor/Project Engineer for technical and .

program overview and direction. The program organization is detailed in Section
4.2.7.

' Support organizations will provide the program manager with a team of contract
and cost accounting specialists te ensure timely and complete contract
. compliance. This team will administer the contract, establish and maintain
communication with the Air Force Contract Officer/Technical Representative, and
provide cost and schedule visibility within Boeing to ensure a successful

program.

The Contracts organization is responsible for all Boeing Military Aircraft ;
Company research and development contcacts except for major programs raquiring

dedicated contract organizations. To support the OBIGGS Development program,

Contracts will:

o Establish and maintain communication betwveen Boeing and AFWAL. ;
o] Monitor and coordinate delivery of all contractually required k.

deliverable items.

The program manager will maintain surveillance of milestone performance versus

expenditure to detect and report any deviations that might affect program B

status.

The Finance organization will administer a cost collection and monitoring system
that provides the program manager with the visibility needed to accurately
monitor rplanned versus actual program expenditures. Costs, including labor,
- nonlabor, and overhead will be collected at a tier II (task) level and will be
published weekly. At contract award, the program manager vill review piogranm
. manioading and scheduling with Finance, and Finance will prepare a complete
spending plan. Engineering assignments and commitments for the duration of the

program will be based on this expenditure plan.

Finance will collect actual expenditures through the Boeing program cost report

system. The current and cumulative expenditures and planned levels will be A
published weekly as computer printouts, which will include engineering and ¢
99
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computer cost totals for the current week, month, and program to date.
Associated dollar expenditures, including labor rates and overhead burden, will
also be shown. By-name data will allow the program manager tu identify the
labor and dollar level being expernded by each 1individual assigned to the
program. With this information, the program manager car properly monitor and

control program cxpenditures.

The Materiel organization monitors subcontractor and supplier performance. When
buying from suprliers, Materiel, under the direction of the program manager,
establishes equipment and material requirements, seeks bids, orders material,

and monitors delivery compliance.

The overall program plan will ensure on-time completion of program objectives
that include detail design fabrication and components testing, and system
testing. This program plan will be coordinated with AFWAL and defined further
during the first month of program performance and presented for approval at the
requirements reviev conducted two weeks after contract award. AFWAL comments
will then be incorporated and the plan delivered to AFWAL 1 month after contract
go-ahead. Figure 3 illustrates the key features of our program plan, listing
the critical components relating to key technical issues. ldentifying these
components early in the program will allow early design, fabrication, and test,
allowving resoiution of sensitive issues such as compressor reliability. This

early consideration of critical components will greatly reduce schedule risk.

Preparation of requirements and test plans also will be supported by analytical
models. This will aid in the selection of test points, sensor locations, and

measurement ranges at the sensor locations.

Additional details of our program management plan are presented in this Section.

In summary, the management approach will provide:

An experienced program manager who directs a large, experienced staff.
Frequent coordination with AFWAL early in the program to ensure that we
address all of the technical objectives.

A hardware development program structured to include designers and
analysts to minimize technical, cost, and schedule risks.

The expertise of personnel from a wide range of technical specialities.
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4.2.1 Conference Requirements

Formal reviews with AFWAL are necessary and desiratle for achieving program
technical objectives on time. These reviews will provide for technical
interchange between the program team and AFWAL for technical direction from
AFVAL. A minimum of 13 formal reviews are planned, and will be supported by
Boeing at AFVAL as listed in Figure 17.

The requirements definition review vill occur two weeks after contract award.
At this time, our principal investigator will meet with AFVAL to formalize
design criteria and requirements. Mutually agreed-to requirements and criteria
must be established early in the program because a clear understanding of these

requirements is necessary for carrying out subsequent tasks.

A data package will be prepared and delivered to AFWAL for review two weeks
before the PDR, which will be three months after contract award. At this
meeting, the £light prototype configuration will be presented and technical
direction from AFVAL and approval of the configuration will be recieved before
proceeding. A PDR report will be prepared and distributed two veeks after the

review.

A CDR data package and a performance and interface package will be prepared and
distributed to AFWAL for review two weeks before the CDR. The CDR will occur
four months after contract award. At this time, the detailed design of the
OLIGGS flight system will be presented. Analytical performance predictions for
the individual components and the system will also be presented. At this
review, technical direction and approval of the detail design will be received
before proceeding with final hardware fabrication. A CDR report will be

prepared and distributed two weeks after the review.
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Review Months After Contract Award .
Requirements Definition G.5 ’
Preliminary Design 4
Critical Design 5
Program Status 8, 12, 16, 19, 24, 28, 32, 36 3
Safety 6 . B
Final Report 39
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Figure 17 Formal Reviews at AFWAL
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PROGRAM STATUS REVIEW
The

DI e A

Program Status Reviews will be scheduled at generally four month intervals
A performance report will be prepared and

At AFVA!. discretion any

revievs will take place at AFWAL,

presented to AFWAL two weeks prior to each review.
scheduled review can be cancelled if the performance report alone provides

information in sufficient detail to satisfy AFVAL for that

program update

period.

At certain points in the program it may be desirable to hold informal reviews
These reviews

with AFWAL at our facility; for example, during component tests.

will be arranged with AFVWAL as appropriate.

4.2.2 Configuration Management Requirements

Interface control drawings will be used to ensure that components interface

rroperly with hardware supplied by the subcontractor, associate contractor, and

P
Procurement specifications vill ensure that components purchased from

H
customer.
suppliers will perform as required. These configuration management techniques

o,
: will be applied, as appropriate, during the detailed design task

4.2.3 Contractor Data Management

The

We will use our data management functions to manage SOV-required data.

Propulsion Technology organization, under the direction of the program manager,

vill be responsible for the collection, preparation, publication, quality, and

assessment of all data contained in the data requirements list

to all formal reports created during the

A Document numbers will be assigned
:‘f program. A release date vill be assigned to each document when the number is .
O assigned. The Data Management and Contracts organizations will menitor document
:$§ g preparation to ensure on-schedule completion. Once the document has been
‘};i prepared and approved, Data Management will be responsible for all further data
management functions, including release, distribution, maintenance, and recall.
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4.2.4 Documentation Requirements

This section describes the documentation to be furnished to AFWAL during the
program. Section 4.4.1 discusses contract deliverable data items, which are

summarized in Sectien 4.4.2. Major reports and documents are shown on th:
program schedule (Figure 17).

4.2.4.1 General

411 reports and documents listed in Figure 11 vill be provided. These reports
vill be prepared according to the appropriate data requirements description
(DRD). In addition to the reports and documeants listed in Section 4.4.2, a
quick-look test summary two wveeks after completing the ground and flight test
will be provided. Internal documentation such as activity reports and weekly
program management reviews will be used as program management tools. Excerpts
from these internal documcnts will be used whenever possible to meet or

supplement documentation requirements and thus minimize costs.

The detailed program plan will be submitted to AFWAL at the end of the first
month of contract performance and will serve as the master plan and schedule
used to conduct the progran. It will contain a detailed work breakdown
structure (WBS) and a schedule with all major milestones, decision, points, and
actions. The plan shows program organization and lines of responsibility. Key
personnel from program management, safety, reliability, quality assurance,
systems engineering, development, production, and product support organizations

vill be identified by name. The plan will detail how key personnel will conduct
the various program tasks.

The PDR and CDR data packages, discussed in Section 4.1, will be submitted to
AFWAL 2 weeks before their respective reviews. The performance and interface
document will define the OBIGGS mechanical and electrical interfaces. The
interface document will provide the data required by the integration contractor:

to do their design and packaging work. 7This document will be submitted with the
CDR data package.

4 detailed test plan will be submitied to the Air Force for apptoval prior to
the start of testing. The test plan will contain a complete description of the

test requirements, including system development Dbackground, test hardware
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objectives, categories, and hardware preparation requirements,
and

description,
instrumenation and data acquisition requirements, facility requirements,

hardvare lists.

an integrated test plan document will be

Two weeks before starting testing,
submitted to the Air Force. This plan will give the overall approach to meeting

the requirements outlined in the test requirements document (TRD). The plan
real-time data

will contain details of instrumentation, data acquisition,

. processing, posttest data reduction, setup, and profiles for the prototype

system acceptance tests. Also contzined in the test plan will be a complete sel

of hardware performance predictions for each test point to be run.

A quick-look data report will be provided tvo weeks after completion of the

ground and flight tests. This repor. will discuss the real-time data taken
objectives,

In the

during the tests, the test setup, the test points, data,

requirements, and to what extent the requirements were accomplished.

report we vill recommend corrections for any cbserved performance deficiencies.

The final performance and evaluation report will summarize program quality

assurance, reliability, and safety.

Monthly progress report will be submitted :o the Air Force at the end of each

month of performance. Each report will discuss the technical progress made
during the month and the work planned for the following month, including the
results of analyses, design trades, assessments, and verifications. Problems

and proposed solutions will also be discussed in the monthly reports.

In addition to techn:cal progress, the monthly reports will show cost, manpower,

and schedule status. The cost and manpower will be reported to a tier II (task)

level.

4,2.4.2 Data Requirements List

All the documentation listed in Figure 18 will be provided. These reports will

provide the Air Force with the information needed for program management,

control, and technical evaluation. In addition, prototype test hardware will be

delivered to the Air Force.
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4.2.5 Interface Requirements

This section describes how the OBIGGS interface requirements will be haadled
during the prototype development program. The key interface requirements for
our baseline concept are presented in the OBIGGS system specification
(Section 3). The design data packages and the final evaluation report will
describe the interfaces. The descriptions will contain sketcnes, charts,
dravings, and technical narration in enough detail to enable tlie Air Force or
their appointed representative to incorporate the prototype OBIGGS into their

systems.

4.2.6 Program Schedule

The program schedule includes progress reviews and completion dates for all
tasks. Figure 19 shovs the program master schedule, including the major tasks

and milestones.

Task 1, Preliminary Design, and Task 4, Performance Analysis, will begin
simultaneously. The configuration definition will be completed in time for PDR
at the end of month 3. The performance analysis will begin in month 4 and
continue through the end of the flight testing. <Computer usage, initially high
while the performance models were being built and checked, will be reduced after
final design decisions have been made. Computer usage will again increase to
support pretest performance predictions and final post test subsystem
performance evaluations. After the test components are modeled, the performance
modeling level of effort will be part vcime until month 16, when subsystem
performance predictions will be initiated. Performance analysis and model

documentation will be delivered following flight test.

Task 2, Hardware Design, Fabrication, and Component Testing, will begin on
completion of PDR. This task will be concurvent with Task 4, Pertoimance
Analysis, because information from these two tasks will be used in the detail
design process. Detail design will be completed in time for the CDR at the end
of month 4. The critical component tests, which will start in month 6. will be
completed at the end of month 9. Those components tests required for basic

component selection will be done eariy to support detail design. Fabrication

will be completed in month 19, vhen subsystem assembly and checkout will Legin

at BMAC Seattle. After checkout tests are completed, the test article will be

snipped to WPAFB for ground tests beginning at the start of month 22.
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Description

Program Plan
PD Report/CD Report
Program Status Report

Test Requirements Document
Test Plan Document

System Acceptance Test

and Final Performance Report

Monthly Progress Report
Shipping Document
Technical Information Release

Document Charge Notice

Performance Management

Sequence
DRL 1
DRL
DRL 3
DRL 4
DRL 5
DRL
DRL 7
DRL 8
DRL 9
DRL 10
DRL 11

* MAC: Months after contract go-ahead

Schedule*

1 MAC

2 VWeeks after each review
#MAC and at 4 month intervals
thereafter

20 MacC

21 MAC

40 MAC

10 days of following month of
each contract performance
Vithin 10 days c¢f each DRL
release

4 weeks prior to each release
As required

Vith each monthly progress
report 10 days following each

month of contract performance

Figure 18. Data Requirements List and Delivery Schedule
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System Testing, will begin at the start of month 20 and be completed, ground and
flight 18 months later. The test report will be sent to the Air Force during
month 38 and the final review held at WPAFB at the end of month 39.

Figure 19 demonstrates the planning for effectively managing the completing this

program on schedule.

4.2.7 Program Organization

The OBIGGS prototype developed will te managed by the Boeing Military Airplane
Company (BMAC). The development will be fully supported by BMAC using internal
or external resources as required. Details on personnel assignments, person
hour breakdowns and subcontracting, GFE and travel plans will be supplied when
program finding 1is clarified. As stated in the 1life cycle cost study

(Section 2) the estimated price of prototype development was S$S15M. The price

e

could vary of course depending on the level of development of components and the

totai system and level of ground testing.

4.3 Quality Assurance

The Quality Assurance organization will appropriately apply MIL-Q-9858A to this
developmental fabrication support program to cost-effectively meet all
contractual quality assurance requirements. There 1is a one-to-one
correspondence betwveen primary areas of MIL-Q-9858A4 and our quality assurance

mainual), thus ensuring compliance with contractual quality assurance.

rd

Quality Assurance is responsible for maintaining the Metrology organization, a
three-level, companyvide measurement control system. The highest level
(Class A) 1includes primary measurements standards and is in our metrology
laboratory. The second level (Class B) represents working standards, and the

third level (Class C) measures product attributes at the hardware level.

The environmentally controlled Class B laboratory is at the Kent Space Center.
Class B standards are checked periodically against Class A primary standards;
Class A standards are referenced against those maintained by the National Bureau

of Standards.
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The OBIGGS program will emphasize, in particular, quality assurance as an

integral part of the design process. Three examples of this are in materials

compatibility, ground testability, and component interface requirements. The

Quality Assurance organization will be responsible for ensuring that all
h materials specified on the fabrication dravings are on appropriate lists.

Quality assurance will participate from the design tasks through fabrication,
checkout, and test. Scheduled component tests will identify and resolve
problems with component performance before the components are assembled into the . . N
system. Finally, the entire assembly will be checked for adequate performance

before it is shipped for acceptance tests.

K Our final report will summarize these and other quality assurance efforts.

B 4.4 Prototype Reliability and Maintainability

4.4.1 Reliability Program

No dedicated R&M testing will be conducted; R&M will be evaluated during each

test. The final evaluation will be based on the aggregate results for the —
\ entire test program. The reliability program will be planned in accordance with
, MIL-STD-7858B. Tasks 101, 102, 104, 292, 204, 208, 209 and 303 and the
maintainability pregram in accordance with MIL-STD-470A. Tasks 101, 102, 203,
204, 205 and 206. The Tasks of each MIL-STD will be tailored to meet program

objectives. The test program techniques, duration and analysis follows.
The reliability program will address the following:

0 Control of Subcontractors through Mean Time Between Failure (MTBF)
N requirements, acceptance criteria, and monitoring the successful
completion of their reliability activities. The extent of each
subcontractor/supplier reliability program will be determined by the .

complexity and/or criticality of the item being procured.

o An OBIGGS reliability mathematical model will be developed.
Reliability predictions will be made for new equipment and those with
extensive modifications. These estimates will be incorporated into

existing estimates for items undergoing no change.
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o Success/failure data will be collected from AFR 66-1 and Navy 3M
historical operational data, subcontractors and other related projects.
The results will be analyzed, documented and reported. Failures will
be subject to failure analysis and corrective action recommended to

prevent recurrence.

. o Reliability engineering will present the analysis in support of program
design reviews. The Reliability Test Plan will describe the
- methodology, scheduling, responsibilities, facilities, environmental

profiles, test procedures and reporting requirements of any dedicated
reliability tests. Reliability testing will consist of Test, Analyze,
and Fix (TAF) testing, Fixed Length Reliability Testing (FLRT), and
burn-in. TAF and FLRT will be performed at the Line Replaceable Unit
(LRU) level on new and modified hardvare identified in the system
Specification. The number of units to be tested wvill be a function of
the FLRT test selected from MIL-STD-781C. The TAF test will consist of
a series of simultaneous vibration and temperature cycles during which
the bhardvare under test will be operated and monitored for failure.
Folloving the TAF test, a FLRT will be conducted utilizing thermal and
vibration conditions selected to be representative of operational
service during a typical mission. The FLRT hardware will be the same
types and quantities wused 1in the TAF. Corvective action

recommendations for all pattern failures will be provided. Arcas where

fixes may be appropriate will be identified based on analysis of FLRT
failures and the group level MTBF calculated from FLRT operating time

and failure data.

P T ot

LA I AR L,

TAF testing will provide engineering information on failure modes and mechanisms
of hardware under natural and induced environmentally severe conditions
‘ anticipated during normal military service. FLRT will simulate normal

operational conditions and will provide an assessment of equipment reliability.

. The objective of the TAF/FLRT Yrogram will be accomplished by defining
cotrective actions which will lead to increased rveliability in the production 2
hardvare. Hardwvare commonality with previous burn-in program requirements will 2
be practiced in the interest of cost-effectiveness. ﬁ
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4.4.2 Maintainability Program

The maintainability program will be in accordance with applicable guidelines of
MIL-STD-470A. The program will include the following elements:

0o Perform a maintainability analysis for the selected OBIGGS system.

o Establish Maintainability Design Criteria, Mean Time to Repair (MTTR),

, and maintenance task times.

o Incorporate Maintainability Requirements in Subcontractor

Specifications. Quantitative and qualitative maintainability

requirements will be included in specifications for subcontractor

items.

o Participate in Design Reviews. Maintainability requirements will be
evaluated during Program Design Review (PDR) and Critical Design Review
(CDR) to verify that designs have satisfied all maintainability

requirements.

o Establish Data Collection Analysis and Corrective Action System. Data

collected from hardvare design reviews and in-test use will be analyzed

T C—————— -

against maintainability design criteria. Corrective action will

include redesign and reallocation of requirements as appropriate.

4.4.3 Vendor Testing Requirements

-

Reliability and Maintainability (R&M) test requirements will be required of
\ subcontractors/vendors. Those requirements will be included in subcontractor
specifications. Verification of R&M requirements will be accomplished by

analysis and critical item testing monitored by the contractor and the customer.

4.5 Facilities !
!

Tasks of this program will be carried out at BMAC-Seattle. Task 3, the System
acceptance test, will use the SAFTE test cell and the AFT. This section
describes all Boeing and &ir Force owned facilities required for program

completion.
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4.5.1 Production and Test Facilities

Boeing maintains extensive manutacturing facilities to support production line
fabrication of hundreds of identical cemponents as sell as one-of-a-kind
development projects for our technology organizations. In addition to
conventional sheet metal, machine ship, and welding equipment, Boeing has the
latest in numerically controlled machine tools, electron beam welders, brazing
furnaces, tube bending equipment, electron discharge machines, and complete heat
- treating and surface coating equipment. Personnel who operate these machines
are supported at the manufacturing level by technical and administrative
personnel vho provide scheduling and planning necessary to meet program
schedules. These facilities will be used as required to accomplish the tasks in

this program.

Diverse 1laboratories are maintained to support development and production
programs. Included are laboratories that can conduct material evaluations,
electronics tests, flow tests, closed loop ECS tests, synthetic materials
development, electronic systems development, and evaluation and development of
velding processes. Technical personnel in Quality Control can provide

consultation for development programs.

4.5.2 Computing Facilities

Boeing computer facilities will be used to perform all analyses. Boeing has
available to the program over $100 million worth of computers, including IBM
3033's and 3032's, Cyber-174's, SDS 8300's, and Cray-1's, along with VAX 11/780

systems, peripheral equipment, and qualified support personnel.

An extensive software library is also available to this program for OBIGGS

trade-off studies and ECS analysis and design.

- 4.5.3 Government-Furnished Facilities "
..-..

Government furnished special test equipment will be required only to complete -

%

system testing of the prototype OBIGGS at the SAFTE testcell facility. "

a

,

a

&

3
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Government-furnished equipment required for testing will he listed generically
in the test requirements document and will be coordinated with the Air Force so

that we can specify existing equipment to the maximum extent possible. The

- et

final detailed descriptions of test equipment required for system tests vill be

oy

Chat

provided in the test plan document.
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5.0 CONCLUSIONS

5.1 Life Cycle Costs

Detailed life cycle cost comparisons were made for five aircraft fuel tank fire
protection systems: liquid nitrogen, Halon, explosion suppressant foam and
stored gas and demand OBIGGS. Where possible, cost factors were based on field
experience. For systems still in the development phase. the cost factors were

based on the best available estimates and projections.

The results revealed that the OBIGGS concepts were the least costly alternatives
compared with other alrcraft fire protection systems on a life cycle cost basis.
This is significant because the many advantages offered by OBIGGS for fuel tank

fire protection are supported by lower life cycle costs.

5.2 Specifications

Detailed specifications for the "best choice" OBIGGS presented in Volume I were
developed. Since the "best choice" OBIGGS was a stored gas system, the
specification included a high pressure compressor and storage bottles in
addition to more conventional items such as ECS equipment fuel scrub nozzles.
Since the preliminary design was quite complete and Boeing has excellent
background of aircraft and O0BIGGS experience a quite complete set of

specifications were established.

5.3 Prototype NDevelopment Flan

The prototype development plan provides details on the mechanism for
transforming the current 08IGGS preliminary designs into a flight worthy system.
The plan is time phased with the development of the A1F airplane, since the

prototype ATF appears to be a good test bed for fighter OBIGGS flight testing.
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LIST OF ABBREVIATIONS AND ACRONYMS

Air Force Logistics Command
Air Force Mapual

Air Force Regulation

Aerospace Ground Equipment

Air Separation Module

Advanced Technology Aircraft
Advanced Tactical Fighter
Before Flight

Built-Jn Test

Between Flight

Chemical Defense

Critical Design Review
Contract Responsibility Matrix
Contract Work Breakdown Structure
Decibel

Digital Display Indicator

Environmental Control System

Electromagnetic Compatability

Etectromagnetic Interface
Electromagentic Environmental Effects
Flight Hour

Flight Line AGE

Fixed Length Reliability Testing

Full Scale Development

grains (ot vater; 7000 grains = 1 lbm)
Altitude

Specific Humidity

High Eneergy Incindiary

High Pressure

Interface Control Document

In Flight

Inert Gas Generator

Inspection

Life Cycle Cost

Lightning Electromagnetic Pulse

Liquid Nitrogen
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LIST OF ABBREVIATIONS AND ACRONYMS (continued)

LRYU Line Replaceable Unit
LSC Logistics Support Cost
mmh maintenance manhour
MEAC Hanagement Estimate at Completion
MODAS Maintenance and Operational Data Access System
MSIGG Molecular Sieve Inert Gas Generator
MTBF Mean Time Between Failure
MTBM Meann Time Between Maintenance
MTBMA Mean Time Between Maintenance Actions
MTTR Mean Time To Repair
NBC Nculear/Biological/Chemical
NEA Nitrogen Enriched Air
NEMP Nuclear Electromagnetic Pulse
NIU Nitrogen Inerting Unit
NRTS Not Reparable This Station
: %09 Oxygen Concentration (percent by volume)
i 04&S Operating and Support

| OBIGGS On-Board Inert Gas Generation System

UBOGS On-Board Oxygen Generating System

ppm parts per million
PD Preliminary Design
PDR Preliminary Design Review

PFFH Peak Force Flving Hours 5
PMIGG Fermeable Membrane Inert Gas Generator :
PRICE-H Program Review of Information for Costing and Evaluation-Hardware H
PSR Program Status Review !
RDT&E Research, Development, Test and Evaluation N
R&M Reliability and Maintainability %
rms Root Mean Square s
. RTS Reparable This Station ‘:ﬂ
sat Saturation ﬁ
SAFTE Simulated Aircraft Fuel Tank Environment :j
scfm standard cubic feet per minute $
SE Support Equipment !
SON Statement of Need E
TAF Test, Analyze and Fix ﬁ
~
117 !
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B4

°7

TBD
TFFH
TPO
TRD
VAC
vDC
WBS
VI

WucC
3M

LIST OF ABBREVIATIONS AND ACRONYMS (concluded)

To-Be-Determined

Total Force Flying Hours

Test Plan Document

Test Requirements Document

volts, alternating current

volts, direct current

Work Breakdown Structure

Calculated Inert Product Gas Mass Flow
Calculated Supply Air Mass Flow
Work Unit Code

Maintenance and Materiel Management

micron
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APPENDIX A

RCA PRICE H INPUTS

The following pages show the input format for the RCA
PRICE H model and the inputs used in the OBIGGS life

cycle cost studies.
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olo input Oata - File name:
worksheet  Basic Modes Sheet__of
Title: Date:
Praducton Mode. MW/SW
Quentry Metorypen Veght (1be Volma (hd) Imtwgration
Genaral A ary FROTOS wy voL MODE . HSINT .
Querasr, s Noxt NHA Integretinn Factors Speccation Yeaur of Yasr of
Huglwr Amembly Electrome Swucturst Level € conommm Twchnology -
Genural B QrYNHA INTEGE INTEGS PLTFM YRECON YRTECH
Structure M restactur ing New Oesmgn Mechanscel
. Weght Cometenity Swucture Repert Aelisdnility
Mechanical/ ws MOPLXS NEWST OESARPS MREL
Structural -
we Volume Morastectus gy Now Oesgn Eloctronc
Por ") Froction Complenay E ectronscs Aepmat Reliability
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FRE COOLER

750 20 14 . ThHY¥ D
1 .0 O 1.8 UT78aT
14 5.7 .7 .3 .
1O90 1291 04973 1.0

D157 1S 02049

FRESIIRE REGULATIR

750 20 4 0174 2

! G0 1.8 078%

j A hob . LTI OUTE

i 1080 1091 0497 1.6

j D195 OI1es 0204

CREW SERVD FRIMARY HEAT EXCHANGER

750 20 11 [ T646 2

1 ¢ .7 1.8 07895

1t .7 .7 T .TT

1O7C 1.1 0487 1,0

QL7 01395 0704

FRE CNOLER TEMIOERATURS CONTHROL VALLVE
TOOD0 TS L0 T

1t O .77 1.8 0TS

ol

. - . -
CI P S S T e

1087 17%) 0ael 1,0
LT3 019% G204
TEMFERATURE SENGOS
TEG 20 2 Jaang o
1. ¢ .7 1.8 0785

.2 &6 R VST OOIST
109 (291 0487 1.0
QU7 GLYS 0704
DLICTING

T 20 26,4 (T91Z 2
10 T 1.8 0789

I T T A O S 4
1TOS9CG 1291 04577 1.0
YO 01 FS 0204
WIRINS & MIGL
790 O A5 L0O9TS
1 0 46,7 1.3 0780
A,59 5.7 0.5 00T QT
. 1050 1761 G497= 1.0
O3I97 OI129 D20

FCS

750 20 5950 25 2

1 O .7 1.8 0785
&0 6.6 . J3T LT
1G0 12791 0497 1.0

O197 0199 0204

)

Advanced Technology Permiable Membrane Stored Gas Subsystem RCA
Price Mode! H Inputs
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SOLENQID VALVE
750 20 2 (0017 2
1 0 .3 1.8 0785
2 5.8 .3 .32
1090 1291 0493 1.0
0177 0199 0204
CREW SERV SEC

750 2¢ 5.9 .1447 C
10 .3 1.9 Q078%
.9 %.7 .7 .23
1090 1291 0497 1.0
0193 0195 0204
WATER EXTRACTOR
750 20 .2 0017 2
1 0 .3 1.8 0785

W2 %.8 .3 .33 .33
1090 1291 0497 1.0
Q193 0195 0204

- -
- otar

FMIGG UNITS

750 20 9.6 2025 2
1 0.2 1.8 0785
9.6 6.6 .F .3IT 3T
10990 1251 9493 1.0

0193 0195 QZ04
DUCTING FITTING

7590 20 2.F L0075 2
1 O .3 1.8 0O78S
2.3 8.7 .3 J3F3 .TD
1090 1291 0493 1.0
Q193 Q195 Q204
FLOW CONTRAOL VALVE
750 20 4 _0t1le 2

1 0 .7 1.8 0785

4 5.7 .3 3T .3I3
1090 1291 90493 1.6
DIST 0195 Q0704
COMFRESSOR & MOQTOR %

7S50 20 74 23,2565 T

1 0.7 1.8 0785
74 6.8 .3 .37 .=
10920 1291 04973 1.0

0193 0195 0204

HIGH FRESSURE EOTTLE
19500 20 39 1.840 2
20 .3 1.8 0785

I 6.6 T JRT VIT
1090 1291 0497 1.0
0197 01935 0204

INTERCOOLERS

L

pA

FITTING

Advanced Technology Permiable Membrane Stored Gas Subsystemn RCA

Price Model H Inputs (Continued)
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HIGH FRESS, GROUND SERVICE CONNECT .
750 20 2 .0028 2
1 0.7 1.8 0785

2 5.8 .3 .3IF L33 '
1090 1291 0493 1.0 '

0193 Q195 0204 :
ORFICE /7 FITTING '
750 2O 2 0006 Z

1 0.3 1.8 0785 ;
. .2 5.8 .3 .3 .33 ;
1090 1791 0493 1.0 g
N197 0195 0204 )
HIGH FRESSURE REGULATOR .
750 20 0058 2
1 0.2 1.8 078S )

T 6.6 3 3T LIT

1090 1291 0497 1.0
Q197 0195 0204
SOLENOID SHUTOFF VALVE
1500 40 1.5 0017 2

Rl ol Sy

20 .3 1.8 0785 v
1.5 6.6 .3 .3 3% !
1090 1291 0497 1.0 f
3197 0195 0204 :
MANUAL SHUTOFF VALVE 3
TSSO 20 1 (008 2 .
1 0.3 1.8 0785
1 5.8 .3 .33 .33 t
1090 1291 0453 1.0 y
0193 0195 0204 |
CONDENSATE DRAIN / VALVING D
750 20 1 0023 2 N
1 0.7 1.8 0785 ]
1 5.8 .3 .33 .32 :
1090 1291 0497 1.0 N
0193 D195 0204 )
CHECH VALVE :
750 20 .3 L0006 2 .
1 0.7 1.8 0785 X
.38.8 . .33 .33 :
1090 1291 0493 1.0 \
0193 9195 0204 v
FRESSURE SENSOR

. 2250 60 .2 L0006 2
T 0 .X 1.8 (78S
W2 6.6 3 L3F L33
1090 1291 0493 1,0
0193 0195 0204 "
Advanced Technology Permiable Membrane Stored Gas Subsystern RCA ;;
Price Model H Inputs (Continued) "
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TEMF SENSOR

750 20 .2 0006 2
10 .3 1.8 0785
266 VT LIT LIS
1090 1291 0493 1.0
0193 Q195 0204

0/2 SENSOR

750 20 .2 0006 2,0

s e

1 0.3 1.8 078% <l
A S S 35 S . .
1050 1291 0493 1.0 t

Q193 0195 0704 :
FLOW SENSOR

750 20 I L0008 2
1 0.3 1.8 0785

B TSP S S 3 S 0
1090 1291 0493 1.0
0193 0195 0204
CONTROLLER /7 BIT
750 20 8 0.1157 1
1 0.5 .3 1.8 0785
2 6.6 .3 .33 L33
40 8.0 .3 .33 1.0
1090 1291 Q49T 1,0 '
0193 0195 0204 )
DUCTING 0
750 20 1.2 .0150 2
1 0 .3 1.8 0785
1.2 5.7 .3 .3 .33
1090 1291 0493 1,0
0193 0195 0204

HF RELLIEF VALVE
750 20 .3 L0012 2
10 .3 1.8 0785

.3 5.8 .3 .33 .33
1090 1291 0493 1.0
0193 0195 004
SOLENOQID VALVE

750 20 .4 0035 2
1 0 .% 1.8 0785

WA 6.6 .3 .I3 .33
1090 1291 0493 1.0
0193 0195 0204

Pan -

Advanced Technology Permiable Membrane Stored Gas Subsystemm RCA
Price Mode! H inputs (Continued)
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ORFICE 7 FITTING
750 0 .2 Q006 2
1 0,3 1.8 07838
.2 %.8 .3 .33 .35
1070 1291 0497 1.0
0197 0195 Qn04
DEMAND REGULATOR
750 20 2.9 0069 2
1 0 .3 1.8 Q78S

2.9 &.6 .3 .33 .2
1090 1291 0497 1.0
0197 0195 Q0204
CLIMB / DIVE VALVE
750 20 2.9 0069 2
2.9 6.6 3 .33 .32
1090 1291 Q493 1.0
0193 Q195 Q204
SCRUBR NOZZLES

4500 120 1.5 0010
6 O .3 1.8 0785

1.9 5.8 .% .33 .33
1090 1291 0497 1.0
Q193 0195 0204
CHECH VALVES

19060 120 .3 J000s 2
o0 (3 1.8 0785

.2 5%.8 .3 .32 .33
1090 1291 0497 1.0
0193 0195 Q204
ROOST COMFRESSOR, ELECT MQTOR
790 20 11 1100 2

1 Q.3 1.8 Q789

11 6.6 .3 .33 .33

1070 1291 493 1.0

Q197 Q19% OZl0a

BOQUST COMFRESSOR AFTER COOLER
750 20 3.6 L1360 2

1 O .3 1.8 Q0785
.6 5.7 .3 L3333
1000 1291 0433 1.0
01683 0195 G204
INTEGRAT ON

750 20 .95 . G

0O 0 0 1.8 0785
1090 1291 04973 0197 0204

t)

Advanced Technology Perraiable Membrane Stored Gas Subsystem RCA

Price Model H Inputs (Continued)
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FPRE COOLER

750 20 I6 JT77HE 2
1 0 .3 1.8 078%

26 5.7 .3 3T L3T
1090 1291 0493 1.0
Q193 0195 0204
FRESSURE REGULATOR & SHUTOFF B
790 20 4,5 0271 2
1 0 .3 1.8 0785 !
4.5 6.6 .3 JIT .33 -
1090 12921 0493 1.0
G192 0195 0204
CREW SERVO FRIMARY HEAT EXCHANGER i
750 20 27 .8970 2 l
10 .7 1.8 0785 f
27 S.7 .3 .33 .33
1090 1291 0497 1.0

0197 0195 0204

FRE COOLER TEMF CONTROL VALVE
750 20 4 02271 2

1 ¢ .2 1.8 0785

4 6.6 .3 3T A3

10920 1291 0493 1.0

Q197 0195 Q204

TEMP SENSOR

7950 20 .2 Q006 -

1 ¢ .% 1.8 0785

2 bS VX L3I LIS

1090 1291 0493 1.0

019% 0195 0204

DUCTING / FITTING

750 20 72 1.3426 2

1 ¢ .3 1.8 0785
72 5.7 .3 T3 JXZ
1090 1291 0493 1.0
01973 0195 0204

WIRING & MSL

750 20 7.0 .105 2

1 0 0,2 1.8 0785

7.0 9.2 0.8 O.3T 0,33
10690 1291 0497 1.0
0127 0195 0204

'/

{

ECS /7 166
750 20 598 1.34657 2 .
1 0 .3 1.8 0785

598 6.6 .5 .5 .33
1090 1291 0493 1.0
0193 0195 0204

Advanced Technology Permiable Membrane On-Demand Subsystemn
RCA Price Model H Inputs
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SOLENOID VALVE 1GG
750 20 2.3 .0087 2
10 .3 1.8 0785
2.3 6.6 .5 .3F .33
1090 1291 0497 1.0
Q193 Q195 0204
P CREW SERVICES SECONDARY HEAT EXCHANGER IGG
750 20 XQ .B814&0 2
10 .3 1.8 0785%
- 30 5.7 .3 . .3
1090 1291 0493 1.0
0197 0199 0204
! WATER EXTRACTOR 1IGG
| 750 20 .4 0035 2
: 1 0 .33 1.8 0785
.4 5.8 .3 .33 .23
1090 1291 0492 1.0
0193 0195 0204
FMIGG IGG
750 100 15.6 .2981 2
S0 .2 1.8 0785
15.6 6.6 .5 .5 .33
1090 1291 0497 1.0
1193 0195 0204
DUCTING & FITTING IGG
750 20 5.9 0150 2
1 0 .2 1.8 785
5.9 5.7 . .Z3T 2=
1090 1291 0493 1.0
0197 0195 0204
SOLENOID VALVE / ORFICES HFD
ZO00 gun 2 0022 2
4 & .7 1.8 0785
2 6.6 .3 VT L33
1090 1291 0497 1.0
0192 0195 0204
ORFICE /FITTING HWFD
790 20 0.2 (0006 2
1 0 .3 1.8 0O7€%

S - - ->
0.2 5.8 .7 .33 -3

1090 12921 DAQ7 1.0
0193 0195 0204
FRESSURE ESENSOR HFD
1900 40 .2 0004 2
20 .3 1.8 0785
2 b.6 3 3T L33
1090 1291 0493 1
0193 0195 0204

it

i
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Advanced Technology Permiable Membrane On-Demand Subsystem
RCA Price Mode! H Inputs (Continued)
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FLOW SENSOFR

2750 100 .3 L0005 2
S O .2 1.8 78S

B Y P S . S 4.
1090 1291 0493 1.0
0192 0195 0204

0/2 SENSOR

JI790 100 .2 0006 2
SO0 .3 1.8 0785

2 6.6 .3 V3T L33
1090 1291 0493 1.0
Q193 0195 0204
TEMF SENSOR HDF
1500 40 0.2 (00046 2
20 .7 1.8 O078S
ND.2 6.6 .3 .33 .3
1090 1291 0492 1.0
Q0193 0195 0204
CONTROLLER / BIT
750 20 8 0.1157 1
1 .5 .2 1.8 0785

2 é6.6 .3 3T .33
40 8.0 .2 3231
1090 1291 0493 1.0
0193 0195 0204
DUCTING HFD

730 20 8.9 .1476 2
1 0.3 1.8 0785
8.9 5.7 .3 .33 .33
1090 1291 0493 1,0
019Z 01935 0204
SOLENOID VALVE LFD
750 20 .4 ,0035 2
1 0 .3 1.8 0785

4 b6 .3 D L33
1090 1291 D497 1,0
0193 0195 0204
ORFICE LFD

750 20 .2 0006 2
1 0 .7 1.8 0785
.29.8 .2 .33 .32
1090 1291 0493 1.0
D192 0195 0204

Advanced Technology Permiable Membrane On-Demand Subsystern
RCA Price Model H Inputs (Continued)
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DEMAND REGULATOR LFD
TGO 20 2.5 L0069 2
1 0 .1 1.8 073%

2.9 6.6 .3 .32 .23

. 1090 1291 0497 1.0
t 0193 0195 0204
° CLIME / DIVE VALVE LFD

750 20 2.5 0069 2

" 1 ¢ .3 1.8 0785
N - 2.5 6.6 .F .33 .33
5 1050 1291 0497 1.0
& 0167 0195 0204
D SCRUE NOZZLE LFD
750 20 1.5 0010 2
i 1 O .3 1.8 0783
; 1.5 6.6 .F .33 L3T
" 1090 1291 0493 1.0
Y 0193 0195 0204
- CHECK VALVE LFD
. 1500 40 .3 0006 2
K 20 .3 1.8 0785
" .3 6.6 .3 3T L33
e 1090 1291 0493 1.0
| 0193 0195 0204
o INTEGRATION
750 20 .5 .S S
o 000 1.8 0785
g 1090 1291 0497 0193 0204
¢
i
nr
K Advanced Technology Permiable Membrane On-Demand Subsystem
: RCA Price Model H Inputs (Continued)
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FRE COOLER BAS

750 20 13 .3187 2
1 0.3 1.8 0785

13 5.7 .3 .33 .32
1090 1291 (493 1,0
0193 0198 0204 C
FRESSURE REGULATOR 7/ S/0 BAS
730 20 4 ,0174 2

1 0 .3 1.8 06788

4 6.6 .3 3T .F3
1090 1291 0497 1.0
0192 0195 0204 C
CREW SERVICES FRIMARY HEAT EXCHANGER ERAS
750 20 §.5 .3183 2
1 0 .3 1.8 078%
5.9 8.7 .3 33 .33
1090 1291 0493 1.0
0193 0195 Q204 C
FRE COCLER TEMF CONTROL VALVE BAS
750 20 3.5 0174 2
1 0 .3 1.8 0785
T.9 &.6 .3 .33 .3
1090 1291 0493 1.¢
0193 0195 0204 C
TEMF SENSOR BAS
750 20 .2 J0006 2
1 0 .72 1.8 078S

L2 6.6 .3 V3T L33
1090 1291 0497 1.0
0197 0195 0204 C
DUCTING / MSC BAS
750 20 24 _3T299 2
1 O .3 1.8 0785

24 §.7 .3 .33 .33
1090 1291 0493 1.0
01923 0195 0204 C
WIRING 2 MISC BAS
750 20 5.0 075 2
1 0 0.3 18

5.0 5.2 0.5 0.33 .33
1090 1291 0493 1.0
0192 0i9% 0204 C
ECS

750

1 O

542 3
1090 1291 0493
01922 0195 0204

Advanced Technology LN2 Subsystem RCA Price Model H Inputs
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DEWARS / FITTING
1500 40 19.7 .80 2
20 .3 1.8 0785
19.3 6.6 .7 .33 .33
1090 1291 493 1.0
0192 0195 0204 C
MANIFOLD

750 20 .2 ,00412 2

1 0 .3 1.8 0785

2 6.6 T 3T L3E3
1090 1291 0493 1.0
0193 0195 0204 C
RELIEF VENT VALVE
750 20 .8 .0088 2

1 O .3 1.8 9785

et |

.8 5.8 .7 .23 .33
1090 1291 04937 1.0
0193 0195 204 C

FIL.L VALVE MAN

750 20 1 0035 2

1 O .3 1.8 0785

1 §.8 .2 .33 .33
1090 1291 049% 1.0
0193 0195 G204 C
SOLENOID S/0 VALVE
750 20 1.5 0017 2
1 0 .2 1.8 0785
1.5 6.6 .3 .33 . X%
1090 1291 0493 1.0
0197 0195 0204 C
GROUND SERVICE ULN2
750 1 2 0029 2

1 0 X 1.8 Q785
28,8 .3 .33 .33
1090 1291 0497 1.0
0192 0195 0204 C
FILL LINE

750 20 .1 0017 2
1 0 .3 1.8 0785

.1 5.7 .2 .23 .33
10920 1291 0493 1,0
0193 0195 0204 C
QUANTITY SENSOR
1500 40 2 ,0009 2
20 .3 1.8 0785

2 6.6 3 UTT OLII
1090 1291 0493 1.0
01923 0195 N204 C

4

by

Advanced Technolagy LN2 Subsystemn RCA Price Model H Inputs
{Continued)
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FRESSURE SENSOR
750 20 .1 .0Q006 2
1 0 .3 1.8 0785

.1 6,6 .3 LT W3T
1090 1291 0493 1.0
0193 0195 0204 C
MAIN DISTRIBUTION LINE HFD
790 20 .46 0081 2
1 0.3 1.8 0785

.6 5.7 .3 .33 L33
1090 1291 042 1.0
0192 0195 0264 C
ONE STAGE DEMAND REG LFD
790 120 2. 0049 2
1 O .3 1.8 0785
2.1 6.6 T 35 I3
1090 1291 0493 1.¢Q
0192 0195 0204 C
SCRUB HX

750 20 2.5 0984 2
1 0 .3 1.8 0785
2.9 5.7 .F .33 .33
1090 1291 049% 1.0
0193 0195 D204 C
SOLENQID VAI.VE LFD
750 20 .4 0035 2
10 .3 1.8 0785

.4 b6 T IT LT
1090 {291 0497 1.0
019 0195 O204 C
ORFICE / FITTING LFD
7350 20 .2 L0035 2
1 ¢ .3 1.8 0785

.2 5.8 .3 .3 .23
1090 1291 0493 1.0
D197 0199 V204 C
CL.IME /7 DIVE VALVE
780 20 2.5 ,0046F 2
1 0 .2 1.8 O78%
2.9 6.6 .3 TT L3Z
1090 1291 0493 1.0
01932 0195 0Z2¢4 C
SCHUER NOZZLES LFD
4500 240 1.5 0010
& O 7 1.8 0785
1.9 6.6 .7 .32 .33
1090 1291 0493 1.0
0193 0195 0204 C

Advanced Technology LNy Subsystem RCA Price Model H Inputs
{Continued)
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CHECK. VALVES LFD
1500 120 0.2F 0006 2
20 .3 1.8 078S »
.3 5.8 .7 .33 .33 A
1090 1291 0493 1.0 ﬁ
0193 0195 0704 C R
. CONTROLLER 7/ BIT i:t
750 20 8 0.1137 1 :—
1 0.5 0,7 1,8 0789 ™
. 2 6.6 . 0,23 O.IT
40 8.0 .2 .37 1.0 ,0'.
1090 1291 0497 1.6 f.\.:
0197 0195 0204 € &
INTEGRAT TON -
7S50 20 .5 .S S (
O 0 0 1.8 0785 "::\
1090 1291 0497 0193 0204 M
Ok. LO )
FTSS10 (68) LOGGED OUT AT 15:45 1003854 '
TIME USED= ©0:05  0:06 0:02 i
S
WAIT. .. 2
USAGE STATISTICS e
———————————————— 28
Fath FRU s used )
SEMACT - 108 ?
Total FRU’'s used bv JL5 108 ¥
"'_
Advanced Technology LN Subsystemn RCA Price Niodel H Inputs %
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FRE COOLER BAS

750 20 13 .318 2

1 0 .3 1.8 078%

1 5.7 .3 .33 .3I3

1090 1291 Q0493 1.0

0193 0195 0204 C
FPRESSURE REGULATOR / S/0 BAS
790 20 4 .0174 2

1 0 .3 1.8 0785

4 .6 .3 33T .3IZ : .
1090 1291 04923 1.0

0193 019% 0204 C
CREW SERVICES FRIMARY HEAT EXCHANGER EAS
750 20 9.5 .7183 2

1 0 .2 1.8 0788

.5 5.7 .3 .32 .33

10920 1291 0493 1.0

019 0195 02¢4 C
! FRE COOLER TEMF CONTROL VALVE
750 20 3.9 .0174 2
1.0 0 3 1.8 0785
. 3.5 6.6 .F XX .33
' 1090 1291 0493 1.0
, Q193 Q195 0204 C
TEMF SENSOR BAS

7SS0 20 .2 0006 2

1 0 .3 1.8 0785
2 b6 VT VTIT L
1090 1291 043 1.0
0193 0195 0204 C
DUCTING BAS

750 20 24 3299 2
1 0.3 1.8 0785
24 .7 .7 3T LEZ
1090 1291 Q492 1.0
Q123 0195 0204 C
WIRING 2 MISL. EBAS

750 20 5.0 .07% 2

1 O 0. 1.8 0785

9.0 5.2 9.5 0.33 0,33
1090 1291 Q4973 1.0
Q19X 0195 0204 C

ECS

SO 20 542 24.77 2

1 0 .72 1.8 0785

542 6.6 .5 .5 .33
1090 1291 0493 1.0
0193 0195 0204 C

A

Advanced Technology Halon Subsystem RCA Price Model H Inputs
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STORAGE BOTTLES

1500 40 14.9 ,.6047 2

20 .3 1.8 0785

14,8 6.6 .7 ,33 .32

1090 1291 0493 1.0

0193 0195 0204 C

. FILLER VALVE - RES

730 201 .0035 2

1 0 .3 1.8 (785

1 .8 .3 .32 .33

1050 1291 0492 1.0

0193 0195 0204 C

GROUND SERVICE CONNECTION
750 20 2 0029 2

1 0 .3 1.8 0785
25.8 .3F .33 .32
1090 {291 0492 1.0

Q197 0195 0204 C
SOLENOID VALVE S/0 VALVE
750 20 1.5 0017 2

1 0o .7 1.8 0785

1.5 6.6 .3 .33 .33

1090 1291 049 1,0

0197 0195 0204 C

FILL LINE

7950 20 .1 L0017 2

10 .3 1.8 0788

.1 5.7 .2 .33 .33

1090 1291 049 1.0

0197 0195 0204 C
FRESSURE SENSOR

750 20 .2 0006 2

L e vl B

)
e -

v
Q
U

S
LJ

'...f - .

-~

Por’

‘7

O
1 ¢ .3 1.8 0785 .
L2 6.6 L3 LTI OU3T 9
1090 1291 0497 1.0 N
0197 0195 0204 € ¢
QUANTITY SENSOR \
15C¢0 40 .2 0009 2 3
20 .3 1.8 0785 )
.2 6.6 .3 .33 .37 X

1090 1291 0493 1.0
0193 0195 0204 C "
RELIEF VALVE :

750 20 .3 L0012 2 }
1 0.3 1.8 0785

.2 5.8 .3 .33 .33

1090 1291 0493 1.0

0193 0195 0204 C )
Advanced Technology Halon Subsystem RCA Price Model H Inputs i
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CONTROLLER BIT
750 20 8 0.1157 1

1 0.9 .3 1.8 0785

2 a6 3 2T 23

40 .0 % JTT 1.0

1090 1291 0493 1.0
0193 0195 0204 C

HIGH FRESSURE REGULATOR
750 20 X .0058 2

1 O .2 1.8 0785

T &6 3 VI 3T

1000 1291 0497 1.0

0193 0195 0204 C

FLOW CONTROL HFD

750 20 2 .0145 2

1 O .3 1.8 0785

2 6.6 .3 .F3 .33

1090 1291 0493 1.0
0193 0195 N204 C

EBLEED QIR SUFFLY DUCTING
790 20 2.1 L0300 2

10 .2 1.8 078%

2.1 S.7 .3 .33 .33

1090 12691 0493 1.0
Q197 0195 0204 C
ORFICE / FITTING

750 20 .2 0006 2

1 0 .2 1.8 0785

.2 5.8 .3 3T .23

1090 1291 049T 1,0

Q192 0195 Q204 C
DUCTING / FITTING HFD
750 20 8.2 1215 2

1 0 .3 1.8 0785

8.2 5.7 .3 .33 .33

1090 1291 0497 1.0
Q197 0195 OHR04 C
DEMAND REGULATOR LFD
790 20 2.5 00489 2

1 0 .2 1.8 0785
2.5 &.6 .3 JRZ
1090 1291 0492
0193 9195 0204

4

-
>

Lty

{

) = o

HFD

HFD

. -~ UKY
FULRUIC WU WU AT WA WA AL A

{Continued)
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CLIME / DIVE VALVE LFD
790 20 2.S L0069 2

10 .3 1.8 0785

2.5 6.6 . 3T 03T
1090 1291 0497 1.0
019T 0199 0204 C

CHECK VALVE LFD

750 20 .3 L0008 2

10 .3 1,8 078%

S SO - S, S A5 A

1090 1291 3487 1.0
Q197 0195 0204 C
INTEGRATION

750 20 .5 .95 9

OO0 0 1.8 0789

1090 1291 G497 0197 @204

Advanced Technology Halon Subsystem RCA Price Model H Inputs
{Continued)
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[7 FRE COOLER BAS

750 20 13,0318 2
10,3 1.8 0785

13 %.7 .37 .33 .33
1090 1291 0493 1.0
01937 G195 0204 C
FRESSURE REGULATOR / S/0 BAS *
780 20 4 0017 2
1 O .3 1.8 Q785
4 H.6 T LT3 VI3 *
‘ 109G 1291 04927 1.0

‘ G193 0195 0204 C

i CREW SERVICES FRIMARY HEAT EXCHANCER BAS
i 750 20 9.5 Q017 2

10 .3 1.8 0785
?.9 .7 .3 .3IT .3
1090 1291 049 1.0

G197 0195 0204 C

FRE COOLER TEMF CONTROL VALVE BAS
755 200 T8 (0017 2

1 0 .3 1.8 0785

3.5 6.6 T .33 .3T

1090 1291 0493 1.0

0197 0195 0204 C

TEMF CENSOR DRAS

750 20 .2 0006 2

10O .2 1.8 0H78%
2 6.6 T VI3 03T
1090 1291 0463 1.0
019> 0195 0204 C
DUCTING AFITTING BRAS
750 20 24 T30 2

10 .2 1.8 0785

o4 5.7 .3 .30 V3R
1090 1291 0493 1.0
01?7 0195 0204 C
WIRING & MIGL

750 20 .0 079 2

1 O 0.7 1.8 0785

5.0 5.2 0.5 0.TT Q.33

D2

(2

1090 1791 0493 1.0 :
0193 0195 0204 C
£Cs

750 20 543.4 24.81 2
10 .3 1.8 0789
8547%.4 6.6 .3 .37,

1090 1291 0493 1,0
0197 0195 0204 C

1

v

Advanced Technology Foam Subsystem RCA Price Model H Inputs
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DUCTING HFD

750 20 2.8 0017 2

1 0.3 1.8 0785

2.8 8.7 .3 .33 LIF LT
1090 1291 0497 1.0
G193 G195 0204 C
ORFICE / FITTING HFD
750 20 .2 L0006 2

1 0.3 1.8 0785 E
)
h
)
y

]

.2 %.8B .3 LT LT
10?0 1291 0497 1.0
0123 01995 0204 C
DEMAND REGULATOR LFD
750 20 2.8 L0069 2

10 .3 1.8 078%

.9 6.6 0 VTT LI

1090 1291 G493 1.0
D197 Q195 0204 C

CLIMR / DIVE VALVE LFD
TEO 20 2.8 (0069 2

1 ¢ .3 1.8 078%

2.9 6.6 0 3T .3
1090 1291 0493 1.0

G193 018% 0204 .

CHECK VAILVE LFD

750 0 .3 L0006 2

1 & .3 1.8 0788

.3 5.8 ,3 .3F .33

1080 1291 0493 1.0

G197 Q0195 0204 C
INTEGRATION

750 200 % . 8§

OO Q 1.8 078S

1090 1291 0493 0183 Q204

7]
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Advanced Technology Foam Subsystem RCA Price Model H Inputs
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The data in this Appendix is the product of the READ program. these
examples are for production of 750 shipsets. Data for 1500 shipsets
was generated by multiplying TFFH, PFFH, M and SHIPS by a factor of 2.
Unit Cost (UC) was multiplied by a factor of .92 to account for the
learning curve resulting from doubling the production guantity.

1
N
a
3
"
i

x_ .-

"X R UMY CUORA S AR A S SR L XYY

SO N VN SRR (R W0 N R 3 5000 VN N VRS AR AN A By N P G 0N



LOGISTICS SUPPORT COST MODEL
INPUT VARIABLES

Engine automatic resupply and buildup time in
months. (P)

Available work time per SE in the base shop in labor
hours per month.

S = 168 hr/shift * 2 shifts/da=336 hr /person-mo.

Average manhours to perform a shop bench check,
screening, and fault verification on a removed LRU
prior to initiating repair action or condemning the
item. (C)

Total cost of additional items of common base shop
support equipment per base required for the system.
(C)

Fraction of removed LRUs expected to result in
condemnation at base level. (C)

Base labor rate, including indirect labor, indirect
material and overhead.
S = $21.980/hour (was 3$19.76/ht)

Base material cost expressed as a fraction of LRU
acquisition cost: Average, per—failure cost of
labor and materials for stockage, repair,
replacement of shop replaceable wunits (SRU’s) or
subassemblies required to repair a LRU at an
operating base. (C)

Average manhours to perform intermediate-level (base
shop) maintenance on a removed LRU including fault
isolation, repair, and verification. (C)

Base consumable material consumption rate. Includes
minor items of supply (nuts, washers, rags, cleaning
fluid, etc.) which are consumed during repair of
items., S = $4.43/hour (was $9.231/hr)

Base engine repair cycle time in months. P = 15 to
18 day, average.

Total cost of special base-~shop support equipment,
such as overhead cranes and shop fixtures, per base.
This category of equipment is largely independent of
workload and is not related to repair of specific
LRJ's. (C)

I - » A B2 T 0" . p -\ N\ \ ‘. N * N ;»-‘ hat '~-~- '\"-P !.-., 1 .." . - L} - 1'.‘
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Average base repair cycle time in months. The
elapsed time for a RTS item from removal of the
failed item until it is returned to base serviceable
stock (less time awaiting parts). For modular units
like avionic LRU’s, the repair of which normally
congsists of replacing of "plug-in" SRU’s: S = 0.164
months or 5 days. For non-modular LRU’s: S = (0,20
months or 6 days.

Combined utilization rate for all 1like items of )
support equipment at the base level. (C)

Cost per unit of peculiar support equipment for the
base shop. (C)

15. CAD -SE~ Same as CAB except refers to depot support
equipment. (C)

Combined maintenance removal interval. Average
engine operating hours between removals of the whole "

engine.

Annual cost to operate and maintain a wunit of
support eguipment at base 1level expressed as a .
fraction of the unit cost {(CAB). (C)

18, cob -SE- Same as COB except refers to depot support
equipment. (C)

19. CONF -PS- Confidence factor reflecting the probability of ;
satisfying a random demand for a whole engine from .
serviceable stock to replace a removed engine. § = -

0.90

Fraction of software which changes each month. (C)

Cost of software to utilize existing automatic test
equipment (ATE) for the system. (C)

22, DAA -Sy- Available work time per item of support equipment s
(SE) at the depot in labor hours per month. § = 168 :
hours/shift * 2 shifts/da=336 hr/person-mo.

23. DBCMH -FL~- Same as BBCMH except refers to depot-level ,
maintenance. (C)

T, e i we ew wv w> WP

24, DCA ~-Sy- Total cost of additional items of common depot |
support equipment (CSE} required for the system. ;
(C) '
25. DCOND -FL- Fractions of FLUs returned to the depot for repair

(NRTS) expected to result in condemnation at depot
level. (C)

..............



26. DLR
27. DMR
28. DMC
29. DMH
30. DOWN
31. DE
32. DPA
33. DRCT

33.1 DRCTC

33.2 DRCTO

34. DUR
3E. EOH
36. EPA
37, ERMH

2 e AP LV AV ST

_.5y...

_Sy-

~-FL~

~FL-

—SE-

~-PS~

_SY_

-Sy_

_SY_

—SY_

~SE-~

-PS-

~-PS~

~-PS~

Depot labor rate, including other direct costs,
overhead and G&A.
S = $32.02/hour (was $31.26/hr)

Same as BMR except refers to depot level
maintenance.

S = $13.46/hour (was $10.287/hr)

Same as BMC except refers to depot repair actions.
(C)

Same as BMH  except refers to depot-level
maintenance. (C)

Fraction of downtime for a unit of support equipment
for maintenance and calibration requirements. (C)

Depot engine repair cycle time in months. (P)

Same as BPA except relates to depot support
equipment. (C)

Weighted average depot repair cycle time in months.
The elapsed time for a NRTS item from removal of the
failed item until it is returned to depot
serviceable stock. This includes the time required
for base-to-depot transportation and handling and
the shop flow time within the specialized repair
activity required to repair the item.

For CONUS locations, § = 1.377 months or 42 days
(was 50 days) for government-depot repair. S = 1.40
months or 42 days (was 62 days) for contractor
repair, input as DRCTC.

For overseas locations, S = 1.90 months or 57 days
for government-depot repair, S = 2.20 months or 66
days for contractor repair, input as DRCTO.

Same as BUR except refers tc depot support
equipment. (C)

Average cost per overhaul of the complete engine at
the depot expressed as a fraction of the engine unit
cost (EUD) including labor and material consumption.
Stockage and repair of reparable engine components
(LRU’s), considered elsewhere, is not included.

Number of engines per aircraft.

Average labor hours to remove and replace a whole
engine including engine trim and runup time.

O S T S T -
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Return rate for engines. Fraction of removed whole
engines which are returned to service by base
maintenance. (The complement, (1-ERTS), 1is the
fraction which must be sent to depot for repair or
overhaul).

Expected until cost of a whole engine,

Total cost of new base facilities (including
utilities) to be constructed for operation and
maintenance of the system, in dollars per base. (C)

Fuel cost per unit S = $0.437/gallon for JP4;
$0.590/gallon for aviation gasoline.

Total «cost of new depot facilities (including
utilities) to be constructed for maintenance of the
system. (C)

Total cost of peculiar flight-line support equipment
and additional items of common flight-line support
equipment per base required for the system. (C)

FLUNOUN Word description or name of the LRU - up to 60
alphanumeric characters. (C)

FR Fuel consumption of one engine in units per flying
hour. (C)

Number pages of depot 1level technical orders and
special repair instructions required to maintain the
system. (C)

Cost of interconnecting hardware to utilize existing
automatic test equipment for the system. (C)

Initial management cost to introduce a new line item
of supply (assembly or piece part) into the Air
Force inventory.

S = $1474.00/item (was $304.89/item)

Average manhours to perform corrective maintenance
of the FLU in place or on line without removal
including fault isolation, repair, and verification.
(C)

The number of lines of software a programmer can
produce in a month. (C)

Number of pages of organizational and intermediate
level technical orders required to maintain the
system. (C)

Number of line items (software or support equipment
are examples) used in repair of the LRU. (C)

B-6
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~-PS- Number of stockage locatlons for spare engines. (P)

~WS- Number of intermediate repair locations or operating
bases authorized to handle the given weapon systemn.

P =4

-WS- Average, per-failure labor hours to complete off-
equipment maintenance records.
S = .24 hours

5S. MRF

-WS- Average, per-failure labor hours to complete on-

56. MRO
equipment maintenarnce records. S = .08 hours

-FL- Mean time between maintenance actions in operating
hours of the LRU in the operational environment.

(C)

58. N ~Sy- Number of different LRU's within the system. (C)

~WS- Number of FLU software packages within the weapon
system., (C)

-FL- Fraction of removed LRU's expected to be returned to
the depot for repair. (C)

59. NFLUSW

60. NRTS

b

NSESW -WS- Number of SE software packages within the weapon

hl.
system. (C)

62. NSYS -WS- Number of systems within the weapon system. (C)

63. OH -Sw- The overhead rate which reflects the cost of
supporting the programmer. (C)

IS4 K X 40 A E Y,

64. 0s -WS-~ Fraction of total force deployed to ©overseas
locations.
P =20 by
65. OST -WS~ Weighted average order and shipping time in months. e
The elapsed time between the initiation of a request X
for a serviceable item and 1its receipt by the N

requesting activity.

65.1 OSTCON -WS- For CONUS locations, S = 0.262 mcnths or 8 days (was
: 10 days) input as OSTCON.

T n”. Xy

65.2 0STOS -WS- For overseas locations, S = 0.526 months (16 days)
* input as OSTOS. * OST = (OSTCON)}(1-0S) + (0OSTOS){0S)

~-FL- Number of new P-coded reparable assemblies within
the LRU. (C)

66. PA

-FL- Average manhours expended in place on the installed
system for LRU preparation and accevs; examples are
jacking, wunbuttoning, removal of other units, and

hookup of support equipment. (C) -3

B-7
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68. PC -Sw- The payroll cost ter month for one programmer
equivalent. (C)

69. PFFH -WS- Peak force flying hoirs--expected fleet flying hours .
for one month durinc the peak usage period. P = ‘

2625 hours.

70. PIUP -WS~ Program inventory usage period, operational service
life of the weapon system in years. P = 20 years.

71. PMB -WS- Direct productive labor hours per man-year at base .
level, including "touch" time, transportation time,
and setup time. S = 1742.4 hours/man-year. '

72. PMD -WS~- Direct productive labor hours per man-year at the
depot (including "touch" time, transpoctation time,
and setup time. * S= 1743.6 hours/man-year

73. PP -FL- Number of new P-coded base consumable items within
the FLU. (C)

74. PSC -WS~ Average packing and shipping cost to CONUS
locaticns. S = $2.870/1b (was $1.0021/1b.)

7S. PSI -¥S- Fraction of initial hardwa:e acquisition used to
compute initial training for Life Cycle Cost.

76. PSO -WS- Average packing and shipping cost to overseas
location.* 5 = $1.49/pound.

77. QPA -FL- Quantity per application -- quantity of like LRU'’s
within the parent system. (C)

78. RLC -FL- Estimated RDT&E cost associated with LRU (
millioa).

4

7. RIP -FL~ Fraction of LRU failures which can be repaired in
place or on line without removal. (C)

80. RMC -WS- Recurrinygy management cost to maintain a line item of
supply (ass-mbly or piece part) in the wholesale
inventory system.

S = $185.00/item-year (was $173.64)

g e )

81. RMH ~-FL- Average manhours to fault isolate, remove, and
replace the LRU on the installed system and verify "
restoration of the system t> operational status. (C) - N
2. RTOK -FL- Retest OK at intermediate-shop level, .
83. RTS -FL- Fraction of removed LRU’'s expected to be repaired \ '

({not RTOK) at base level. (C) .

84. SA -WS- Annual base supply line item inventory management K
cost. S = 9.98/item (was $8.82/item)

B-8
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st SHIPBS -WS- Number of shipscts to be acquired (not included
among original definitions) P = 100

86. SIZE -Sw- The number of lines of software in a particular
application. (C)

87. SMH -Sy- Average manhouvrs to perform a schaduled periodic or
phased inspection on the system. (C)

’ 88. SMI -Sy~ Flying hour interval between scheduled periodic or
phased inspections on the system. (C)

i} 89. SP -FL- Number of <standard (already stock-numbered) parts
within the FLU which will be managed for the first
time at bases where this system is deployed. (C)

90. SR -WS- Average per-failure manhours to complete supply
transaction records.
S = .25 hours

91. SYSNOUN -Sy- Name of the system--up to 60 alphanumeric
rharacters. (C)

92. TARGAVAL -WS- Base-l1evel spares availability objective for weapon
system. P = 94%

93. TCB -Sy- Cost of peculiar training per person at base 1level
including inctruction and training materials. (C)

94, TCD -Sy- Cost of peculiar training per person at the depot
including instruction and training materials. (C)

95. 7CSs -Sw— The cost to train one programmer or equivalent. (C)

96. D -WS—- Average cost per original page of technical

documentation. The average acquisition cost of one
page of the reproducible source document not
including reproduction costs.

S = $538.61/page (was $538.51/page)

97. TE -Sy- Cost of peculiar training equipment required for the
system. (C)

98. TFFH -Ws- Expected total force flying hours over the program
in-ventory usage period (PIUP)., P = 630000 hours.

.
* 99. TR -WS- Average labor hours per-failure to complete
transportation transaction forms. § = .16 hours 3
100. TRB -WS- Annual turnover rate for base personnel. § = 0.244 p
(was 0.1588) E
101. TRD -WS- Annual turnover rate for depot personnel. S = 0,060 |
(was 0.0965) 3
rl
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K 102. TRS ~Sw- The turnover rate for programmer personne . . .
o 0.06C0 or once per 16.7 years (was 0.0965).

103. uc -FL- Expected unit cost of the LRU at the time of initial
provisioning. (C)

104. UEBASE ~WS- The number of unit equivalent weapon systems per
operating base. P = 22.5 systems/base

RS S . I

105. UF ~-FL- Ratio of operating hours to flying hours for the
LRU. (use Factor) (C) ot

: 106. W. ~FL- LRU unit weight in pounds. (C)

[}

\ 197. XFLU ~FL- LRU identification. The assigned five~character

' alphanumeric work unit code of the LRU. (C)

. 108. XSE -SE- SE identification--up to 20 alphanumeric characters.

\ (C)
1; 109. XSESW -5w- The SE identification for imbedded software--up to

20 alphanumeric characters. (C)

. 110. XSFLUSW -Sw- The LRU identification for imbedded software. The
assigned five-character alphanumeric work unit code
of the LRU. (C)

111. X5YS -Sy- System a1identification--the assigned five-character
alphanumeric work unit code of the system. (C)

. ) NOTES:
' 1. FL = Line replaceable unit (LRU) ca.egory of variables

2. PS = Propulsicn-system variables

3. Sw = Software variables .
4. SE = Support equipment variables

5. Sy = Military-system variables

-y 6. Ws = System variables
: 7. (C) = Contractor furnishea
| 8. (P) = Government-furnisaned program-unique viluc !
9. (5) = Government-furnished standard value
¥
'.
' 8-10
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INPUT DATA

0BG35 1955 - ADVANCED TECHNOLOGY FERMEABLE MEMERANE 166

N DEMAND
? NCAFON SYSTEM VARIABLES
! TFFH PFFH p1ye N 03 NSYS  UEBASE  TARGVL Su1ps
3500000, 15000, 20, 5. 000 1 742 .94 750,
| DSTCON £S10S ™ RMC FSC SO iRB T30 3N
i 262 L526  185S.00  207.00 2.50 4.77 L244 08¢ 030
’ 0 SA MRO NRF 3R iR FNR PMD  NLRUSW NSESH
664,380  10.620 089 . 240 . 250 RIY) 1742, 1744, 0 )
PROFULSTON SYSTE™ VARIABLES
EFA EuC CHRI ERTS £RMH EGls 137
) .00 .00 .09 00 K] L0t
CONF ARRUT BP op £C LS
.20 00 .00 00 .94 .00
"
”
8-1 =
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ADVANCED TECHNOLOGY PERMEABLE MWEMBRANE 16G ON DEMARD (Continued:

SUBSYSTER | 45000 PERMEABLE MEMBRANE 150
BCA DA BPA OPA FLA
q. 0. 0. 0, 0,
B FD H AM SMH
0. 0. 5090, 390, 0.
BLF DLR BR& DMR BAA
27,670 38,710 5,370 16,590 168,

45110 PRE COOLER

QPA uc RoC NTBF UF BMC 18
{. 4418, L4601 1500.00  1.0000 . L0070 070
1rH RMH BECHH DBCHH BMH > ! 210 k

3.50 7.00 .90 R 3.00 . . N¢ .0
111 PRESS RES/SHUTOFF VAL

a4 Ue RDC MTBF T BCOND

1. 1870, 178 200000 . L1000 JHo0o

INH itk BBCMH DBCRR Fp
2.00 3.00 1,00 1.00 T . 0

45112 CREN SERVE PRINARY Hi
QPA uc ROC NTBF
L, 3046, 366 5000,00
L1 KM BBCMY DEC™K

3.2 b3t .30 53

45117 PRE COOLER TEMF CONT L
kPR i1 RDC NTBF &l
1. 1684, 64 T000.00 . S0
INH RNK BACMH DB f ; 70k
2,00 L9 1.c0 1,00 . :

45114 TENP SENSOR
uPh ue RDC IBF EAs
i 1. 020 20090.¢0 . 0T
InH MW BBCMM  J%CMM ; . : 10
1,00 .50 .50 .50 : -

45115 DUCYTING
aPA uc RDC KTSF ke ETEND
l. 804e, N NHEIVNEY A 000
Ak Rty ¢BCHA cbinw ONH i “F
.00 906 LU0 Vi . 0 : 9

45115 WIRING
0PA Je ROC NTEF uF kP ECONG
l. 457, 00 WTIy 1.0000 L3000 el
1MH RNH B3CUH D3CPK BMH DMK Fr
2.S0 2.0 s N L0 LG KA
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ACVANCED TCCHNCLOGY FERMEABLE MEMBRANE 165 ON DEMAND (Contarnuec!

“AMd
1,97

LRu 14

FanH

1,50

LRL LS

LNINR)
oPa
1.
1M
1.0

45118
QPA

1MY
2.0

45119

1.

€rs
Lt
.
RMH
.50

SCLENDID VAL
uc ROC
1039, 19
RMH BRCPH
390 1.00
te
CREW SEF L. 3 Ki
tC REC
ALK . 396
RMH BBCHH
7.0 Rl

WATER EYTRACTOR
(i RDC
100. 072
RMH BELMH

3.20 .30

FMISe i6b
ut ROZ
4318, 1,808
MK BBCHH
3.9 ]
DUCT NG
U RDC
928, 109
RMY BBCHR
5.09 .00

Q0L YAL ORIFICES
U ROC
194, L3095
RMH BBCMH
LS50 1.0¢

CRIFICE/FITTIING
uc REC
54, NaN
RMH BBCMH
5.09 L0

MR A

-
W

NIBF
132700
DBCMH
.50

nTef
8099.0¢
PBCMH
1.0

LM
10000, 00
DBLM
.30

NTBF
259730,00
DICFH
.20

NTBF
JRIUUNTY
DRCMH
.30

M1BF
7900,00
DBACNH
10

NTBF
5070.00
DBOMK

G

KTRF
100090, 00
DBOMY

)

113
1.0000

NN
500.00

UF
1.0000
By
2.50

UF
1,0000
BMH
3.00

UF
1.000¢
BMH
1.50

UF
1.0000
BNH
.00

LF
1.0000

BNH

.00

UF
1. 0000

BMH

2.9

UF
1, Goud

BMH

)

RIS
L1000
N

3,00

R1S
A8
L]

RTS
L1000
L]
2,00

T
RN
d

W20

DA T T g T

NR1S RCOND
SUSSC 000
Ph P
1.0 0

NRTS 3COND
L4000 L0000
Pa 44
1.0 N

NRTS RCOND DCONG

L4000 L0000 Lo
Fh FP SF
1.y 0 v

BCOND
0060
P
0

- S N VI Y

Wl Lo v e o o o

B T

SN e a"-(\-_:_.- 7 .

r
»
-
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ADVANCED TECHNOLOGY PERREABLE MEMBRANE 165 ON DEMAND (Continyed:

LRY 16 45125 PRESSURE SENSOR
aPa ue ROC nTBS Uk BCOND
2 102, 035 1500C,00  1.0000 5000
FANH 1MW RMH BBCHH DBCNH B 43
1.00 1.5¢ 2.10 e 0 .00 . . .0

LkU 17 45126 FLON SENSOR
QPA uc ®DC nTBF
3. 121, 093 6200.00
LG} RMH BBLMH CBCMY
1.50 2.10 .00 L0 .00

LRU 18 H127 02 SENSOR
CPA uc ROC RTBF uF 18
3 102, 069 2000,90  1.0000 0300
INR RMH BBCMH DBCHH BMK %
1.50 L .20 Y .00 U

45128 TENP SENSOR
CPA uc ROC NTBF UF NRTS BCOMD X D]
2, 22, Q33 20000,00 1. 0006 . L001) L9000 Rl
IMH RMK BBCHH VBCPH BNH i Pt §°
1.50 310 00 R .00 1.v N W

45129 CONTRCLLER/BLY

8ra ut RDC NTBF LF BCOND DrONE
i, 10444, B34 16000.00  1.0000 . 00D L2000
b RMH BROMH LBCNH BNH ' 44 Sk
1.00 .40 3o 2.0 700.00 . D N

45130 DUCTING
) uc RDC MIEF UF
1720, JSE15000,00 1,0000
RMH RBCAH CECAH BNH
1.50 L0 O 00

SOLENOID VAL
Lt ROC LM JF
218, NUSLICI0 PRY 1,0000
RMH 680nd vely Mh
150 12 Lost 2,00

ORIFICE
JC pros JF
4, REEDRVINN Y 1,000
RMH B BMN
1.0 U JED .0

- - Sl ol PR TACTS YA T T TP SRS LI R SR S et S g Py Iy
N IRAENN N RN A N NI A SO I M. S G GO LR AR L

b )

ENC

JH070

R™Ok

N1

308

L07C

2

LRY, Sl

P
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ADVANCED TECHNOLOGY PERMEABLE MEMBRANE 166 ON DENANL (Continued)

LRY 24 a3l
GPA
PANE IMH
1.20 300

LRy 25 45134
]
L,
IMH
6.00

45135
PA
l.
™K
4.60

45036
GFA

n
s

bhi|
2,90

o TN N AN

DENAND REGULATCR
4yt rOC
1109, JE
RMH BACKA
1.00 L0

CLIME GIVE/VALVE
uc RDC
1109, 118
RMH BBCAH
15.00 120

SCRUB NDZILES
Ut RDC
704, 082
RMH BBCRE
.00 1.0t

CHETK VALVE
uc RDC
136, 044
RMH EBCMH
1 G0

350¢.

MTBF
00

0BCAH

{,

20

MTBF

1000, 1)
DECME

1

NilH

MTBF

L00000,04
HE

1
s

o)

UF
1.0%00
BNH
2.30

UF
1.0060
[
2.3

/3
1.0000
BMH
2.30

UF
10000
BMH
00

f\ .- \.r‘l.-,'( o '\J ,\!r Y ,.!.‘ ',\,"'-'- \\

BCOND
L0000
PF

N
)

ECOND
L0000
PF
0

ECOND
L0000
P
U

NRTS BCOND
000 .eano
£ F
l.v N\

N AT A I L e e T

OCONZ
L0000
SP
D

OCOND
L0060
se

r
v

AN e L

CA A

e

§
b
.
~ .
“
.
‘e




INPUT DATA

0B1G6S STUDY 1985 - STORED GAS

NEAFTN SYSTEX VARIABLES
TFFH PFFK Piu? s
1650C0¢, 15004, RN 000
DSTCON 05708 vt st
.62 L5926 16353 2.50
10 SA MRQ SR
664,380  10.620 . 089 250

PROPILSICN SYSTEM VARIABLES
EFA ERTS ERMY
W0 o (1) 00 e 00
CONF : FC
D Y A .94

N N A A A N AL A W PTG GG ¢

TRREVL S41pt
.96 7.
IRD P51

MY 030
oME  NLRUSh
1744, 0

~ S e e T L U e R v T T
N G N AN AR N e e, N, A D!

~

A



081665 STULY 1985 - STCRED GAS (Continued: !

LRu o2 4524] CRIFICE/FITTING

G (13 ROC NTBF E KIf k'S ARTS SCOND pco~e e ers !

i 4. D13 T30, 00 10000 » 1000 000y 660 L9000 00w ST 007

PANH 144 fny BBCHEK DeCRH BYH DRH L Ph £t 5 FTGk v
1.09 2.0 1.0 00 0 D) O <& e N0 - AN it

LRU 3 95542 DEMAND REGULATOR
aPh ue RIC uTEFWF k1P S NRTS BCOND COND 5K e n

: T VB 566,090 L00KD L1990 100G LBO0RG LO0CO L0880 L0CTE G -
PAMK Tk RMH  EBONH  CBOMK BAK DA ¥ Py e Y 4 ; X

B9 300 T Lo Lo 2.5 300 LS G A £ -

LRU C4 4347 CLINE DIVE/vALVE -

QPR uC flC b1 LF fif £S5 k3715 SCOND ZLAND @ [ 3

L 1109. JI8 09000 L0006 J0H oL RIVRE 000 SS90 ST 076 :

- Farh IMH RMH EBCHY DEIMd EMh bl “ rA rr 5F AT ¥ "
4,00 5,00 15.00 100 L 2,50 3.00 .99 IV . ) 0 '

]

L& 39 45544 SCRUE NOIILES
nek uc RDC ATBFUF RIF FiS NRT3 BCONE Tt W
5 _ o 060 0 0600 60 L1090 L5004 LH000 S0 RO REIY

Fidh 1Y kMH BRCNH D5CAH BMH DMk " 7 pr 5p FTsk Y )
LY 4,6 3,09 1.0 1.39¢ 2,30 3.0 .30 tw .0 £ ¢ A

LR ¢ 5346 CHECK VALVE
CF& ue REC HI8F Ur FIF RTS NRT3 BCCHE SLIND wue Lre

Z. 3. DE2 750000 1.0000 000 S0GL L L300y U00G B 057 ;
bass MK JMH BBIMH DECMH MR i 4 rA PF SF T ¥ N
Lo 2,00 Lot WGE il 00 0 .30 1.% A 0 . i h:
b -

R I 45547 £205T COMPRESEIR. CLETT MGTOR

oA o R STBE U $IF R NRTS ECONE wERL e .

Lo AL, LI 0t L N VT T A O 1.1 S K1 S N6 F KON 2

FAry 1 PR BECMK DBOMM B oY W P ot i R1s P

5 L 5 .50 86 e S b L 0 0 N !
L& 2§ 45543 BGOST SCPPRESSOR ACTES COCLER '

2t 9 AT WBFuF FIf RS NRTR BOND oM B TR

=. &, MR L F e R Y I Y 12 B R TV o ST P S
F P 0 BRINA DBIMK B i 4 e 2 5 €ig; .
3 o .t .5 S0 SO0 S 340 e i N '

4

¢

S AP A AL I A ST NI NN

b 0y

. N\ (P R A AL TR AT N LTSI VS A A S L R R
Ny NN RN A RGN AT N 0 u,.,.. AN TRy 77 \".ﬁ-.‘-\.-
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vh' ig® Mab dgt g0 4y,

QPI6GZ STLDY 1485  STORED 6AS {Contiaved

SUBSYSTER | 45000 PERMEABLE MEMBRRNE €3

8CA

0.

Fe

0.
BLF
27,620

43510
2PA
L.
1M
3.90

45511
QFA

.
TMH

400

T el AT S\
N » S b W,

UCA

0.
Fo
9.
DLR
38.719

PRE COOLER

e
1953,
Mk
7,00

EPA
a.

H
000.
(103
5.190

ROC
207
EsCri

. 9C

PRESS REG/SHUTOFF

ut
1664.
RMH
3.00

RDC

1Y)
BBCHH

1.5¢

OFA

I

3
350,
TR
16.599

MTEF
TS0, 6
DBCHH
.50

VAL
MiBF
2000, 00
DBCMH
106G

CREW CERVE PRIMARY KX

Ui
1583,
RAH

8.5

RDC
78
BBCME
50

MiBF
5000.¢0
CSCME

€.
X

FRE COJLER TEMF COKT VLU

uc
149,
M

.30

TENP SENCOR

Le
17,
F*H
L0

DUCTING
ut
3380,
FNK
9.9¢

ROC

145
BBCYK

1,40

jEC
02
BSCHH
N0

RDC
L34
(3T
0

WIFING § MISL

u
ai7.
kM

o
Ll

kol
T
BBCYH

oily

A LA Y

MTBF
7000, 09
GECMH
0]

MTBF
20580, 09
r3CrH
]

MTEF
INUBINES
LelMy
Y

MIEF
1i015, 0%
TBCMH

UF
1.¢00C
ELG)
.00

UF
L0690
BMH

- cr
.36

UF
L0000
EMH
3.00

UF
1.6¢19
BHH
2.30

UF
1.000¢

BN

.30

F
{.¢000

BMH

00

"k

L0006
EMH
S

s

0,

Snl

L 1E428
LAk
148,

Rk1F
L3000
DrH
5.90

RIP
L5000
DHH

.00

RIP
)]
[N

5.00

Elp
LS00
O
1,00

RIe

RiS KRTS
<007 L4000

¥ Ph
4.0¢0 iy

RT3
G500
&

NS

AT L3745

BEOD: L4099
P&
1)

NRT3
DI

oA

Tt
.
BRCY
.20

BTOND
000
FF

ti

ECOND
L0000
FF

s
A v

SCOND
00
FP
0

KCEMD
Ry Iy
M<

N

WL

STIND

i

fe

GCOND
<1050
g%
0

DCoNT
G0
S5
.

2CIND
L6015
57

i

ECIND
LG
&F

2

g
VRN

33

0

s

L0070




ORIS6S STLDY 1965 - STCRED 6AS (Continued:

ue ROC 41eF
1.7:6 1357,
KMH EBONH UBCMH

S0 Lo .52

SOLERDID VAL
Ut RDT MIBF
401, L0855 §L00.00
kPR BBLMd DECHE

3,50 1.8 b oh

“REW SEf SEC HX
U ROC NTEF
§7:. BRIV
kMH BBCMA DECMA
7,00 N SN
wATER EXTRACTOR
uc REC wiee
54, U N AT I
FHH EQ{MH Lelnd
AL 0 1Y

FrIGt LeITS
Ut RDC b3
BLEEN L3210 704,00
Bty BECHH FECMA

- .
e LS50 WAL

DUCTING FITTING
U7 fOC L
49, L6570 TSN ol
S EBCr CEINY
9.0 R0 :

FLdw CONTROL VALVE
bt rDE NTRE
3 JA8T 9S4,
MR dROMH pxCHy
S 50 <

5t

uF
L. GO0y

BNH
300,90

113
1,0000
BRH

2.50

UF

1, 0G0
M
3.00

'
L.000¢
Bk
.50

1t
{0000
15,14
1,40

UF
OGO

EMH
500, 0¢

COMPRESIGR & MTTOA Y [RTERCDOLERS

Pl Do 045 2T
AR BhIrn LBl

5 .50 D

Looane
ERH

S

Fif
L0100
DMH

.00

R
3
74,00

SCOND
LGO00
op

N
RS

MRS
L4000
Fh
1.

NRTS BCOND
L6080 00
PAa “F

LG .0

ECOND
LeN00
14
NG

DLONE
L0030
[

)

GuoNe
00y

5¢

CCONE
RIS
57
L

FIC AN IOS

[ 4 N
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N L R O A KT U LA N O PO U R T R

OBIBGS STUDY 1985 - STORED 6AS (Continueds

LRU 16 3 nIGK PRESSURE BLTTLE & FITTING
ut RDC L UF RIF /18 HRTS 8COND DMC
11335, 1,042 3061.00 1.0000 L0100 .950¢ 0500 A e7)
PAMY RPY Bacmy UBCMH BHH DM W Bh Ff B
.50 .50 .90 LS00 506,00 N 39,49 1.2 B . O

LRY 17 2 HIGH PRESS. SRCUND SERVICE CONNECT
uc RDC n18F UF RIP &1¢ BCOND N oMl
401, 039 1iG658.00 1,000 L0100 906 U5 Ry Nt L0070
FARY i RMh BECMH [5CMH BMH Ons W s 33 TGk ¥
Y . .30 o0 .50 50.00C 5.00 2.90 1.0 .0 v L (

OFFICE/CITTING
ue RDC MT6F UF RIF nrs ECOND
o4, LOLT 190000, 00 1.08C¢ 4600 L0000 400¢
REH BBCMH HEI b BMH (L] 2 PP
3.00 .00 00 .00 e .3 W0 )

HIGH PRESSURE KEGULATDE
uc RDT MYEF UF Rt ! HRTS
1304, 34 6480.00 1.0000 L0102 0306
fME PBCHMH DBCHH BMH DiH PA
.30 .90 .50 30.00 3.00 1.0

SOLENGID SHUTSFF VALVE
{c RDC BTBF t Rip R75 BCONE ; It
§18. 139 800960 3000 Lo L0000 LG L7
RMH BB MK LROMH DMK ] rF : '
1.5¢ 1.0 0o 20 U L0 0 ]

MANUAL SHUTOFF VALVE
UF L ETOND
L.aCno L0100 et Rl
EMH DHK °f
90,00 S0 0

CONDENSATION DRAIN/VALVING
e REC nTRF JF RiF ereNg
220, 035 13623.90 1,600 RO . NEGO)
g BECMH LBCMH Rtk LMK : 43
.30 .30 9% 990,90 3.0¢ i )

CHECE VALVE
uc H MOBF 3 RiF als RCOND
1. 017 1355, 00 1.0000 RN L0 O BV
kMH DEC:H BrY UMk [ : .-
.30 50 .59 30.0¢ .00 .l o

B-20

WP R R \“',f\,r'.l“‘ LML AR Y -‘.-.-_.{‘J_r TS TATATI A AR AT A m Y Y a TR TP et e e T e " 'q"."“-"“"-\.'».' .
! F ) » > W Wy By A b A B ik 3 A




OE16ES STUDY 1985 - STORED BAS (Continued)

LTS

PAY

1,00

RuE

FANKH

1.5¢

LRY 2

PAMH

100

LRI, 27

PAMH
1,00

1.5

Vi, ~
F sy
Ly

LA

FArA

[
e

45573
ga
1
M
1.5¢

43534
ora
t.
1M
1,30

AN

#RE3SURE SENSCR
ol kDC
9. .04¢
RMH BBCMH
e 09

TEMP SENSOR
Ut RDC
1. .020
RMH EBCMK
St WO

02 SENSIR
Ut RLC
. 020
RMH BBCHA
A S

FLOW SENSGF
e RIC
1 68, (26
R¥MH EBCHY
2.10 00

LONTROLLER/BIT
uc jDC
15444, 834
FMH BplMe

LA DN

JUCTING
Ut ROC
3%, L0
kMK BBIRd

1.5¢ LD

BF RELIEF VALVE
uc ROC

. MU
R¥H EBIMK
e L3

SCLENEID AL
uc RLT

b M
RMH 2BIfA
B L Lot

PTEF

15600, 0

DBCAH
ot

LALH

2003.00

DBCAH

JO0

MTBF
L 0f
DECHH
LY

nTBF
A200.00
DBLRH
00

uTgF

15560, 0¢
GaCrA
U

nTEF
13550, 10

DBy

<
’ -

ATEF
gata,
JETMK

166G

ur
1. 0:000
B4R
.00

C

. 0000
BK
)

—

UF
L0000

&AH

0

—

Uk
L000C

BMA

00

uf
0000
ERH

IF
L GODG

EMH

.00

oF
1. 9000
BrH
50,00

JF
11000
ELL
2.50

B-21

~\-"-~ AN et s At TR At ot

1S

L2000

An

ol

R13

0000

NRTS

NI

TR
HY

NRTS
L0000
Ph
o

NRTS
Nw]
4

1.9

NSTE
000
Fw
Y

hRTS
4000
PR

qRTS
LEQ0
Fa

K515
L0S0E
PE

ECOND
L3500
PP
0

ECOND
AD00
PP
0

BCOND
3004
P
N

5COND
L9000
PP
.0

ECEND
000y
23

<>

ECORD
000
43
0

poond
L0000
3F

DCOXD
L0004
Sk

LU

TCiND
L0020
Sk

G

LLIND

Rl

cp
I8

WG

Lutad

)D

Ll

N

(1
1

=gk

BN
6

\

[

HML

LouT

ML

L0870

M

0TY

A

ST




b,
5
INPUT DATA '
0B166S 57UDY 1985 ~ HALON .
{3
\
'y
WEAPON SYSTEM VARIABLES '
TFFH PFFH pPlUP M 0s NSYS  UEBASS  TARGVI.  SHIPS "
3500000,  15000. 20. 25. .090 2 2.0 .94 750, }
0STCON 05705 ng RMC pSC FS0 TRB THD PS5l . M
262 526 1655.00  207.00 2.50 4,23 244 . 060 030 )
1)) A ARG NRF SR Tk PME PMD  N:RUSW  NSESK R -
. 64,380 10,620 .080 280 .250 BT 1742, 1744, 0 o .
o
PROFULS10N SYSTEM VARIABLES s
EP4 ELC Rl ERTS ERNH £CH FR
87.1 .06 3.00 .00 .00 L J50
TONF ARBUT BF Dp Fe LS .
00 .00 .00 06 3.03 L0 »J
“
'!
. 9
."
.
!
N
N
+y
At
N
I'. .
.
It
(34
¥
.
~N
e
)»
“
Pt
N
2 ;
R
’
> (]
B-22, ¥y
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QNI ARY oy e e
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QBI1G65 STUDY 1985 - KALON (Continued)

SUBCYSTEM |
BCA

0.

3]

0.

BLR

un

SUBSYSTEN
A

0.

B

i,

BLR

27.020

45210
arPA
1.
MR
3.9¢

45211
aprA

1
1

iMH

2.99

45217
0Fh
1.
IMH
.29

45211
%A
1.
144

2000

23900

45000

HALGN CONSUMPTION

(ca
0.
FO
0.

LR

L 0Qn

BFA
0.

b

0.
g1k
.00

OFA
0.
}
0.

Dk

00

PERMEABLE MEWBRANE 166

oca

0.

3]

0.

OLR
3B.710

GPA
0.

H
000,
EMR
5.290

pre COULER BAS

vC
1832,
FHH
7.90

ROT
L2064
BECHK

NG

PRESS REG/ShiTiFf

iJC
1684,
FRKR
00

RDL

SEL
¢BONH

1.00

DPA
Q.
N

MIBF
1500.00
JBONK
Y

ERS
RTBF
200,00
L
1.00

CREW SERVE PRIMARY R) BAS

uC
3%,

BN

650

fkoC
NSy
BECMA
.90

7B
5000, 09
DBZMH
.50

PRE CCGLER T1EMF TONT wu

ut
1496,
whH

3.50

kL€

147
KECMY

L.ov

TEMP SENSOR EAS

uc
1:7.
kMH

s

JUCTINE EA%

il

3

!
WHR

J.ug

ROC
26
RBCMk

L08

“TRF
Te04, 00
LBCAH
1,039

MTEF
20300.0:
DBCMH
Sl

MTBF
150G, 1)
GRCAH
LIe

FLA
41148,
SMH

1.

BAR

183,

U:
10060
BMH
3.90

Ur
1,020
BMH
2,30

UF
1,000
EMH

2,50

us
1.0000

EMH

00

€19

NH¢

RIS
L0300
L

1300

NRTS
L4900
PA

riF
L3000 A0G
i1 i Pk
3.00 [

R18
L0900
W
.20

NRTS
ROUTE

TE
0.
BRCT

20

EoONG
0009
PF
0

ECOND
L0000
tF
WG

BCONG
L0000
pr
W

ECIND
LADOG
rF

G

0CGRD
<000
SP

N

COON
NG
SF

Y

[HNLB]
RUily)

se

LLGND
L0090
&r

N

DEONL
D

LF

Y

e " LAY SRS LR -
RN ARB NI R NG

x P S T e W T A G 0 S IR S Ny e S L S A A & W
XN Y S MOt PRGNS PO VPN

A R S A A W
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0B160S STULY 1985 - HALON (Continued)

RO 7 45018 WIRING & MiSL BAS

arA uc RLC MTBF 113 fif KT8 NRTS BIOND DCIND Bm be
9. 44, 090 10000.0¢ 1,0070 S L0000 L0020 NV UC 00 CEYEY 70
PAMH 1M RMH 8BCAH CBCHH BMH VA ] FA 43 Sk AN K
1.5 2.5¢ 2.1 N _dy 000 I ) lov 0 A N 4
ik 8 45217 £Cs
apPa uc RIC NT8F us RIF RTS NKTS BCOND DCOND om oC
t. 121072, 7.842 156300 1.0000 S0 L5500 0300 . 0000 000 L0070 L0076
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OBLGE3S STUDY 1985 - HALON (Continued)
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0BIGES STHDY 1985 - LIOUID NITROGEN (Cant:nued)
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SUBSTSTEM | 45066 PERMEABLE MEMBSANE 156
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